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Abstract  
 
 
Green walls can be considered as building retrofit contributing mostly in indoor and outdoor thermal 
reductions as well as energy savings, both for heating and cooling. The term itself is very descriptive: 
a wall that is either free-standing or part of a building, featuring several kinds of vertically installed 
vegetation. Two distinct concepts constitute the green wall technology: Green façades and Living 
walls. Living walls provide a wide range of benefits according to Literature. On the other hand, green 
façades are not such an effective concept, a fact that was corroborated during an energy study on a 
Multifamily Building in Cyprus, conducted for the purposes of the present thesis. If important 
barriers -including both technological and economical obstacle-will be surpassed and additional 
improvements –including subsidization and advertising- occur, then much more green wall projects 
will be installed, proving thus their beneficial nature in the environmental, economic as well as social 
and aesthetical field. 
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1. Introduction 
 
 
Have you ever thought how would an urban city look like if a small forest or garden was installed in 
several buildings’ façades? Can you imagine having a walk at a green or colorful city centre, without 
having to tolerate the extreme temperatures –especially in summer- as well as the high levels of 
noise pollution resulting from the traffic? How appealing is the idea of green coverings over the grey 
concrete building elements, resulting in reductions on building’s energy consumption? The answer is 
given by a simple and innovative building retrofit that is called “Green Walls”.   
 
The term itself is very descriptive: a wall that is either free-standing or part of a building, featuring 
several kinds of vertically installed vegetation. Green walls can be also referred as vertical gardens or 
urban gardening, as they are well-suited for an urban environment where ground space is very 
limited but vertical space is plentiful.  
 
The terminology is an inclusive description of two distinct concepts: Green façades and Living walls. 
In Chapter 2, an analytical description of both concepts is provided, together with some information 
concerning their evolution through the years. Moreover, examples of cities that have adopted green 
walls technology as a subsidized environmental measure are cited.  
 
Chapter 3 introduces the environmental, economic and social benefits provided by green wall 
integration, as well as problems that may occur before and after the installation. The design and 
maintenance principles are descriptively presented in Chapter 4, followed by an interesting cost 
analysis. 
 
The function of green walls is based on simple physical and biological processes that contribute to 
better comfort inside and outside the employed building. Plants absorb a great amount of solar 
radiation which is vital for their growth and their biological functions, such as photosynthesis, 
respiration, transpiration and evaporation. But at the same time, their function is similar to a solar 
barrier. The corresponding mechanisms are introduced in Chapter 5.  
 
The adoption of general western patterns has led Europe in practices of energy overconsumption 
through the years. Due to the recent economic recession, households seek for vital solutions that will 
result in energy expenses’ reduction. Green wall concepts shall assist in this direction. In Chapter 6, 
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the impact of a green façade on the microclimate in terms of surface temperature and energy 
consumption decrease is quantified, through an energy study conducted for a residential Multifamily 
Building in Nicosia, Cyprus.  
 
A number of impressive and well-functioning green wall systems that have been installed (or will be 
in the following years) worldwide, are presented in Chapter 7, ensuring that this is just the beginning. 
Engineers and scientists work in this promising field of urban planning for mechanical and aesthetical 
improvements which are of great importance especially in the densely built-up city centers of the 
temperate Mediterranean region.  
 
The present thesis aims to acquaint and analyze the environmental concept of green walls, the 
processes and mechanisms employed in order to perform efficiently and finally, to introduce its 
impact on the microclimate of an urban Mediterranean city.  This dissertation was written as a part 
of the MSc in Energy Systems at the International Hellenic University of Thessaloniki, Greece. 
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2. General Background  
 
 
A “green wall” or “vertical garden” is a descriptive term that is used to refer to all forms of vegetated 
wall surfaces. The wall can be either free-standing or part of a building. It also describes a vegetated 
vertical surface and is an inclusive description of two very distinct concepts: Green Façades and 
Living Walls. The greatest difference between them is that in living walls the plants root in a 
structural support which is fastened to the wall itself. They receive water and nutrients from within 
the vertical support instead of from the ground. 
 
2.1 History and evolution of Green Walls 
 
The concept of green walls dates back to the ancient years, about 2500 years ago, with the famous 
Hanging Gardens of Babylon, one of the seven ancient wonders of the world. Between 3rd BC and 
17th AD Romans train grape on garden trellises and on villa walls. (Özgür Burhan Timur, 2013) 
 
It has also been recorded that during the XI century -Viking’s Age- , the Vikings used stones timber 
and peat’s bricks to construct their habitations. Peat is an accumulation of partially decayed 
vegetation matter and it is formed in swamps or likewise environment. When the Vikings used peat’s 
brick, grass naturally grew on this organic material. The habitation was therefore covered with 
vegetation. The grass roots helped the bricks to “fuse” in one huge brick and therefore made the 
walls stronger. These kinds of construction could be found in the northern hemisphere wherever the 
Vikings went: from Canada to Norway via Iceland, Ireland, Sweden, Denmark and others. But there is 
no evidence that these early green walls were created on purpose. It is very likely that it was only 
work of nature. (Bjerre, 2011) 
 
 
Picture 2.1: Hanging Gardens of Babylon, Viking’s Habitation 
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In 1920’s, Britain -through the well-known “Green City Movement”- and North America promoted 
trellis structures and self-climbing plants on houses and gardens but the greatest evolution occurred 
in 1988, when the French botanist Patrick Blanc, which is the inventor of the Vertical Garden (Mur 
Végétal), started to use stainless steel cable system for green façades.  
 
 
Picture 2.2: Patrick Blanc Projects: (from right to left) Avignon, Les Halles - Caixa Forum, Madrid - Torre de Cristal, Madrid 
(www.verticalgardenpatrickblanc.com) 
Patrick Blanc a control environment where the plants are neither in contact with the wall or the soil 
anymore. Load bearing walls don’t need to be stronger because the metal frame carries the load of 
the installation. The load bearing wall is only used to stabilize the installation. This idea eliminates 
any damages that could be made by the plants and their roots to the wall. This function is assured by 
a PVC plate. Mortars or cladding are no longer deteriorated, which avoid water penetration into the 
wall and frost damages. The host wall is separated to the installation by an air gap so it stays 
ventilated. Patrick Blanc also gave freedom to the choice of plants: the creeping plants were not the 
only one who could grow on wall anymore. 
 
Other sources claim that the first green wall system, known as “Botanic Bricks” (Picture 2.3), was 
invented in 1938 by Stanley Hart White, a Professor of Landscape Architecture and was firstly 
installed in his backyard in Urbana, Illinois. The “Botanical Bricks” are “simply plant units capable of 
being built up to any height, for quick landscape effects, covered with flowering vines, or the like”, as 
his sister documented in a letter in 1937.  
 
Important “points of reference” to the evolution of the green wall systems are the followings:  
 Patrick Blanc displayed the first “Plant Wall” in 1994 based on hydroponics. This means that 
the system is independent of soil as a plants’ growing medium.  
 The same year, the first indoor “bio-filtration” living wall was installed in Toronto, Canada.  
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 In Japan, 300 green wall panels translated into 3.500 m2 of planted wall became the 
landmark of the EXPO 2005. The well-known “Bio Lung” manages to mitigate the large CO2 
emissions and thus, to improve the urban build environment.  
 
 
Picture 2.3: Stanley Hart White, U.S. Patent 2,113.523, Vegetation-Bearing Architectonic Structure and System, April 5, 
1938. 
 
Examples of modern Green Walls can be easily found in countries such as Japan, Singapore, 
Germany, UK, Brazil and in North America. They are accepted in Asia, Europe and North America as a 
component strategy in ecologically sustainable development.  
 
2.2 Green Façades  
 
The systems that mostly consist of climbing plants or vines that are attached to existing walls or built 
as freestanding structures are called Green façades.  
 
 
Picture 2.4: Different types of façade greening  
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The plants that are used in such systems are generally soil-rooted. Nevertheless, the corresponding 
soil beds can be located either on the ground (structure base), or in intermediate levels (planters) or 
on rooftops (Picture 2.4). The appropriate level of plant maturity depends strongly on climate, plant 
type, soil depth, wall orientation, irrigation and maintenance. As a result, the desired and satisfactory 
result may take sever seasons in order to be achieved. After its completion, the vegetated wall can 
also provide adequate shading for a glazed façade, achieving thus degrees of privacy and security. It 
can also cover or beautify parking lots, patios and walkways, in a form of arbors, trellis structures, 
baffles, or fences.1 
 
 
Picture 2.5: Types of green façades 
 
Except the concept of vegetation attached to a bare wall, there are also two other primary types of 
green façades: the modular trellis systems and the grid and wire-rope net systems.  
 
Modular trellis systems: It is a three-dimensional panel system made of welded and powder coated 
steel wire that supports the plant. The structure is inflexible but light-weighted and serves for 
sustaining a distance from the bare wall surface, helping thus to maintain the integrity of the building 
envelope. The panels are joined together so as to cover large areas or to form curves and shapes and 
since they are made of such materials, they are also recyclable. (Green Roof Organisation, 2008) 
 
Grid and wire-rope net systems: Such systems are more suitable for the support of faster growing 
plants with denser foliage (via grids), than for slower climbers. Nevertheless, in both cases, the 
materials used for their construction are high tensile steel cables, anchors and supplementary 
equipment. Cross clamps are used in order to connect the wire-ropes, which can be provided in a 
wide range of sizes and patterns.  (Green Roof Organisation, 2008) 
 
                                                             
1  http://www.greenroofs.org 
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Picture 2.6: Modular trellis systems and Grid and Wire-rope net system 
 
2.3 Living Walls 
 
The concept of a Living wall system includes pre-vegetated modules, panels, planted blankets or bag-
shaped containers which are fixed to a structural wall or free-standing frame. The panels can support 
plant species of different densities and a greater diversity compared to the green façades e.g. 
groundcovers, perennial flowers, low shrubs or edible plants. The materials used for the panels’ 
manufacture are plastic, expanded polystyrene, synthetic fabric, clay or concrete.  
 
 
 
Picture 2.7: Different types of living walls 
 
In terms of maintenance, an automated watering and nutrition system is necessary. Due to the fact 
that living walls are of great performance in both full sun and shade conditions, several installations 
can be found in tropical as well as in temperate climates. In addition, living walls have an interior 
application.2 
 
The base structure of a simple living wall (Picture 2.8) consists of an irrigation system in a form of 
pipes, a corresponding framework which plays the role of a supporting system and stainless steel 
panels which contain the growing (or growth) medium. The growth medium must be permeable to 
air as the plant roots require oxygen. 
                                                             
2 http://www.greenroofs.org 
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Picture 2.8: Base structure of a living wall 
 
In general, living walls can be separated into two categories (Samar Mohamed Sheweka, 2012): 
 Hydroponic walls that use the recirculation of water in order to deliver nutrients directly to 
the roots of the plant.  
“Hydroponics” is a method of growing plants using no soil but a liquid (e.g. water) or other inert 
medium (e.g. perlite, gravel, mineral wool, expanded clay or coconut husk) that contains mineral 
nutrients. It is a lightweight, stable and clean system that yields high growth, with lower nutrition 
cost and maintenance needs. Unfortunately, the energy requirements are significantly higher 
compared to the other type, due to the existence of a water pump system. Also, death of plants will 
occur in case the hydroponic system fails. Finally, due to the high moisture levels, pathogen attacks 
can occur.  
 Soil or growing media based walls which are made of modules that keep growth media to 
sustain plant material.  
Concerning this category, there are three types of growth media used in living walls: loose media, 
mat media and finally, structural media: 
1. Loose medium systems (Picture 2.9) consist of a shelf ("soil-on-a-shelf" type system) or bag 
("soil-in-a-bag" type system) installed onto a wall after being filled with soil. The medium 
have to be replaced once a year on exterior applications. Loose soil systems perform better 
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in non-seismic areas, in areas with low public interaction (easy loss of soil amount) as well as 
areas with a height of less than 26m (medium blown away by wind-driven rain or heavy 
winds). The maintenance is a drawback as it consists only by re-stuffing soil into the holes on 
the wall, which is both difficult and messy.  
 
 
Picture 2.9: Loose medium living wall 
 
 Mat type systems consist of coir fiber or felt mats (Picture 2.10). Mat media are quite thin 
and as a result, they cannot support the growth of mature plants for more than 5 years. After 
such time, the roots come out of the mat and water cannot be adequately absorbed by the 
mat. In terms of reparation, the only solution is the replacement of the mat. Mat systems 
perform well in low-seismic areas, in areas of height less than 26m (easily maintained) and 
with plants that will remain light, avoiding thus the possibility of ripping the mat apart as 
time passes by.  It is important to note that mat systems are particularly water inefficient, so 
they often require a water re-circulation system.  
 
 
 
Picture 2.10: Mat medium living wall- Patrick Blanc's concept 
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 Finally, the structural media are growth medium blocks that combine the best features of the 
above mentioned systems. It is the most robust option in terms of living walls as they have a 
lifespan of 10-15 years and perform well in areas where high winds, seismic activity or 
heights need to be addressed during the design process. Depending on their construction, 
they can be expensive in terms of installation but cheap in terms of maintenance.  
 
 
2.11: Living wall’s construction-structural environment 
 
The structure media of Picture 2.11 consists of the elements A-G that are presented in details (Bjerre, 
2011): 
 
Element Name Description 
A Steel Frame 
The frame can be equipped with horizontal mounting strips, so 
the modular elements can be fixed on it. 
When the living wall is equipped with an irrigation system, the 
frame is mounted on the wall with spacer so there is place 
enough for the connections of the water tubing. 
   
B Drip Tray 
The drip tray is used to pick up the dead vegetation and water 
that could drop off the wall. 
A drip tray is not necessary for an outdoor installation. 
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C 
Modular 
Cage/Box/Panel 
 
Cages boxes or other panels are always prefabricated. They are 
clever system that can carries substrate and plants. Containers 
are made with modular dimension, they are equipped with a 
clip system so they are easy to fix on their support and allow a 
water dripping system to run through them. The main 
difference between these supports is the thickness: cages and 
boxes are 15-20cm, panels are 10cm. 
 
 
  
D Substrate 
Substrates will often be fibers like coconuts fiber or any 
lightweight growing media, except from trays which contain soil 
covered by fiber to obtain a better finish and avoid dirt. 
 
E Plants 
 
Plants are chosen at the design phase by clients. They are 
selected in function of light, temperature conditions and 
geographic situation. With structural media, plants are always 
pre-growth on their support in nurseries, up to 4 months before 
installation. This means that cages, boxes and panels already 
contain substrates and plants at their arrival on site. 
 
   
F Metal Frame 
Metal frame gives the final touch to the living wall. It hides 
piping and framing. 
 
   
G Irrigation System 
 
The irrigation system is composed of a water reserve (a basin), a 
pump, vertical and horizontal piping and a monitoring room. It 
can be connect to the public water system or to a rain water 
collector system. 
 
Table 2.1 Elements of structural media 
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There are various forms of living walls, depending on their application i.e. interior or exterior. This 
differentiation in application sets the main differences between the concepts. The most familiar 
living wall systems are (K.J. Kontoleon, 2009): 
 Modular walls 
 Vegetated mat or “Mur vegetal” walls 
 Biofiltration “active” walls (indoor use only) 
 Landscape walls  
 
 
Picture 2.12: Modular Living Wall, Mur Vegetal, Biofiltration Active Living Wall, Landscape Wall 
 
A Modular Living Wall system is an evolution of green roof applications, where modules are used. 
This modular system consists of panels of different geometry that retain growing media.  
 
The “Mur Vegetal” is a special type of green wall, firstly introduced by the botanist Patrick Blanc. It 
consists of a couple of synthetic fabric layers with pockets that physically support plants and growing 
media. A frame supports the fabric wall which is covered by a waterproof membrane against the 
building wall because of its high moisture content. An irrigation system distributes nutrients by 
circulating water from the top to the bottom of the system. (Green Roof Organisation, 2008) 
 
A Biofiltration “Active” Living Wall aims to bio-filter indoor air and provide at the same time thermal 
insulation. It is a hydroponic system filled with nutrient rich water which is re-circulated from the top 
of the wall and is collected in a gutter at the bottom of the wall. The roots of the plant are enclosed 
between two synthetic fabric layers. Beneficial microbes of the roots remove airborne volatile 
organic compounds (VOCs) alongside with the absorbance of carbon monoxide and dioxide by the 
foliage. Afterwards, the fresh air is returning back to the building’s interior via a system that employs 
a fan and it is being distributed throughout the building.  Such a technology (after some 
improvements and alterations) could be applied to green façade systems as well.  (Introduction to 
Green Walls, 2008)  
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The Landscape Walls are an evolution of the simple landscape mounds. Typically, they are sloped and 
contribute to noise reduction. They usually consist of plastic or concrete stacking material with a 
corresponding space for growing media and plants. (Green Roof Organisation, 2008) 
 
There are also three typical systems that can serve the living walls, according to Susan Loh (Loh, 
2008): the panel system, the felt system and the container and/or trellis system (Picture 2.13): 
 Panel System, which normally comprises pre-planted panels that are brought on site and are 
connected to the structural system and a mechanical watering system. 
 Felt System, where plants are fitted into felt pockets of growing medium and attached to a 
waterproofed backing which is then connected to structure behind. The felt is kept 
continually moist with water that contains plant nutrients. 
 Container and/or Trellis System: where plants grown in containers climb onto trellises. 
Irrigation drip-lines are usually used in the plant containers to control watering and feeding. 
 
 
Picture 2.13: Panel System-Felt System- Container and/or Trellis System (Loh, 2008) 
 
Living walls can be further categorized into passive and active systems. Active living walls can be 
integrated into a building's air circulation system and their function is based on the process of 
biofiltration and phytoremediation. In fact, it is the concept described above, as Biofiltration “Active” 
Living Wall. Passive living walls do not contribute in pollutants degradation, as no air is into the root 
system. The impact of passive systems on air quality is scientifically questionable. 
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A slightly different classification of the green walls/green vertical systems is provided by Gabriel 
Pérez et.al (Gabriel Pérez, 2011) and can be seen at the table below.  
 
Table 2.2: Classification of green vertical systems for buildings  
 
2.4 Subsidies and other Initiatives 
 
Although green walls have a tremendous proved potential of achieving ecological, social and even 
economic sustainability, there are only very few implemented examples or movements worldwide 
that have embodied vertical vegetation into subsidy programs. The most important take place in 
Amsterdam, The Netherlands and Shanghai, China.  
 
2.4.1 The Case of Amsterdam 
 
Since 2010, the City of Amsterdam encourages its residents to integrate green walls and roof on their 
properties, by introducing a subsidy program. The incentives that displayed in order to convince the 
“Amsterdamers” were the air-pollution reduction through the absorption of more particles and thus, 
the rainwater cleansing, as well as their insulation properties followed by the energy savings in 
heating and cooling during the whole year.   
 
Residents of Amsterdam can apply for a subsidy of 50 €/m2 up to a maximum of 50% of the total 
installation costs. A maximum of 20,000€ subsidy will be awarded for each individual project. This is a 
way of making the city greener. 3  
 
                                                             
3 www.iamsterdam.com 
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2.4.2 The Shanghai Case   
 
The Shanghai Municipal Afforestation and City Appearance and Environmental Sanitation 
Administration encourages public institutions including schools, hospitals, libraries and museums to 
increase the total green area of their city by introducing a subsidy program. 
 
"Green walls and rooftop gardens offer an alternative solution to expanding green space because 
land for creating public parks and green spaces in the city is limited," said Li Li, Director of the 
Agency's Afforestation Office. "These projects will add more greenery to the city's landscape, which 
is dominated by concrete high-rises." He also claimed that a temperature reduction of 2-50C in 
summer and a temperature increase of 20C on average in winter can be achieved by integrating 
horizontal or vertical greenery in buildings. "These green walls and rooftops can help save electricity 
by reducing the need for heating and air conditioning. They can also increase humidity and help 
purify the air," said Dai Xingyi, Director of the Center of Urban Environmental Management Studies 
at Fudan University. 
 
According to Olivia Lu-Hill and Jade Chen (Chen, 2013) there are general requirements. Specifically, 
the building must be public, with vegetated walls and roofs located in key areas of the city. As for the 
building requirements, they need to include at least one of the following:   
 Green roof coverage area of 1000 m2 or more  
 General green wall coverage area of 1000 m2 or more 
 “Special” green wall coverage area of 500 m2 or more 
Concerning the construction requirements, “they must be in accordance with the relevant technical 
specifications for vertical vegetation and green roofs”, Lu-Hill claims. Areas that are already getting a 
subsidy from the government cannot be counted again.  
 
The Agency will subsidize the projects that cover more than 1000 m2 at a rate of 200 Yuan (24€) per 
square meter for rooftop gardens and green walls, and 50 Yuan (6€) per square meter for rooftop 
lawns. "It costs between 300 Yuan and 2000 Yuan per square meter to install a rooftop garden, 
depending on the complexity of the engineering and drainage systems. Green walls are more 
complex, so they cost more than 2000 Yuan per square meter," said Li Jianguo, a Project Manager at 
Shanghai Gardening and Landscaping Construction Co Ltd. 4  
                                                             
4 www.globaltimes.cn 
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2.4.3 The “Green Area Factor Project” 
 
The project consists of regulation that requires a certain amount of a development area to be left as 
a green space. The “applicant” can select a strategy out of a menu that includes a wide range of 
options: from large trees to green walls.  It aims to find fair planning solutions that will improve the 
microclimate without losing the urban character of the city. The basic requirement is that all new 
developments must have 30% vegetation coverage, or the functional equivalent (e.g., permeable 
surfaces in commercially zoned areas).  
 
The implementation started from the country-“inventor” Berlin, Germany (since 1992), as “Biotope 
Area Factor”. Since its inception, information on this method has been requested from foreign 
countries such as Canada, Italy, Denmark, Finland and Puerto Rico, where it has been adopted, 
unchanged or modified, in order to be used as a part of their spatial planning systems. Other 
important implementations have been recorded in Malmo, Sweden, as “Green Space Factor”, based 
on the German system and in Seattle, US, as “Green Factor”. 
 
Calculating the BAF (Biotope Area Factor) 
 
BAF expresses the ratio of the ecologically effective surface area to the total land area. 
 
BAF =  
ecologically-effective surface areas 
                total land area  
 
In this calculation, the individual parts of a plot of land are weighted according to their "ecological 
value". 
 
Types of surfaces and weighting factors: 
 
(Surface types not mentioned can be calculated as long as they have a positive effect on the 
ecosystem) 
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Table 2.3: Source: (http://www.stadtentwicklung.berlin.de) 
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3. Benefits, Problems and Concerns 
 
 
The contribution of green walls is positive and decisive in environmental, social and economic issues. 
A number of researches confirm this contribution, but at the same time, as in any modern and 
innovative technology, there are problems and concerns which are pending solutions. The present 
chapter aims to analyze the above mentioned and give the proper explanations, for better 
comprehension.   
 
3.1 Benefits 
 
A summary table containing the benefits arising from the use of green walls is given below, in order 
to be used as a concentrated map. The benefits are referred to building or city level and are 
categorized in “fields”. Below the table, you can find further information concerning the benefits.  
 
 Energy Environment Economic Social 
B
u
ild
in
g 
Reduction of 
heating and 
cooling loads 
Efficient water use 
through storm 
water collection, 
water recycling 
Energy savings 
resulting to reduced 
costs 
Improvement in 
residents’ wellbeing 
through better 
indoor air quality High building 
energy 
performance 
Removal of 
dangerous 
pollutants through 
plant leaves 
Less needs for 
envelope 
maintenance, 
protection from UV 
damage and 
general 
deterioration 
Act as insulation 
material, heat loss 
management 
Air purification 
and dust 
suppression 
Increase of 
property/resale 
value, as it is 
considered design 
Fulfillment of the 
EU sustainable 
targets 
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trend 
Act as shading 
device, regulating 
internal 
temperatures 
Earn additional 
points in LEED® 
credit system 
C
it
y 
Natural air-cooling 
around the 
building 
UHI mitigation Local job creation 
Reduction of urban 
noise pollution 
Reduced carbon 
footprint 
Increase 
neighboring real 
estate value by up 
to 20% 
Improvements in 
health and 
wellbeing of the 
society 
Air-pollution 
mitigation 
Increase urban 
agriculture 
Improve city 
aesthetics 
Increase 
biodiversity 
Behavioral 
improvements: less 
violence, crime 
reduction 
 
Table 3.1: Green Wall Benefits 
 
3.1.1 Reduction of the Urban Heat Island (UHI) Effect  
 
Urbanization leads to pollution, physical and chemical properties of the atmosphere modification as 
well as covering of the soil layers. As a result, its negative impacts are profound. The Urban Heat 
Island effect (UHI) is defined as the increase in temperature of any human-made area, resulting in a 
distinct "warm island" among the "cool sea" (probably a nearby natural landscape) at which, by 
definition, the temperature is much lower. The negative impacts of UHI affect not only the residents 
of those urban environments, but also people and their associated ecosystems that are located far 
away from cities. In fact, UHIs are accused to be  related to climate change –in an indirect way- due 
to their contribution to the greenhouse effect and consequently, to global warming.  
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Picture 3.1: The effect of vegetation on UHI mitigation (www.vegetalid.us ) 
 
The gradual replacement of natural surfaces by concrete surfaces during urbanization constitutes the 
main cause of UHI formation. Natural areas often consist of vegetation and moisture-trapping soils. 
As a result, they utilize a relatively large percentage of the absorbed radiation in the 
evapotranspiration process and thus, release water vapor that cools the air in their vicinity. On the 
contrary, concrete or built surfaces are composed of a large proportion of non-reflective and water-
resistant construction materials. This means that they tend to absorb a significant amount of the 
incident radiation, which is consequently released in the form of heat. 5 
 
The reintroduction of vegetation into urban built environments leads to natural cooling processes, 
such as photosynthesis and evapotranspiration. More specifically, the evapotranspiration from green 
walls contributes to the temperature decrease around the greenery. As a result, the surrounding air 
temperature falls yielding not only energy savings for cooling the building interiors, but also 
mitigation of UHI, especially in warmer temperatures. (Loh, 2008) 
 
3.1.2 Energy Savings  
 
During summer, sun radiation heats the building envelope, leading to an increased demand for 
cooling and energy requirements. Green walls can reduce indoor temperatures due to shading from 
the plants, resulting in decreased indoor cooling needs and costs. According to several studies, an 
exterior green wall is up to 10°C cooler than an exposed bare wall and therefore, considerably less 
heat is radiated inwards6. In addition, Akira Hoyano, a pioneer in passive building and low-energy 
architecture, showed that the heat energy that manages to penetrate a Green Wall covered by 
Boston Ivy, was significantly lower than a concrete wall, as it can be seen at Graph 3.1.  
                                                             
5
 http://www.urbanheatislands.com 
6 www.greenovergrey.com 
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Graph 3.1: Temperature distribution of West wall with and without Boston Ivy (Dr. Samar Mohamed Sheweka, 2012) 
 
3.1.3 Building Envelope/Façade Protection 
 
Green walls protect buildings. They do so by reducing temperature fluctuations of the envelope, as 
they act as a layer-barrier which protects the building from radiation and heat penetration. Thus, the 
building is protected from UV radiation and processes like expansion and contraction of building 
elements which can result to cracks, fractures and general deterioration.  Protection from acid rain, 
precipitation, wind and their consequences is provided, too, increasing the integrity and longevity of 
a building’s exterior.  
 
There is a belief that plants harm building structures by ripping the mortar and prising apart joints 
with their roots, accelerating thus the process of deterioration. In most cases the truth lies to the 
exact opposite: plant cover protects the wall and will not threaten its integrity, if the building façade 
is in good repair. Great evidence can be provided by ancient walls that still stand, despite centuries of 
plant growth. When a façade is defective or poor-shaped, plants should be attached to a separate 
structure (e.g., metal cables or trellises) so as to be kept away from the bare wall. In all cases, 
periodic maintenance of the building façade is required.  
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3.1.4 Noise Reduction 
 
Vegetation has been utilized for years as a traffic or urban noise pollution barrier. External Green 
walls tend to absorb and diffuse sound waves, reducing consequently city noise and sound 
transmission through the wall and thus, soften or eliminate sound inside the buildings. In other 
words, they act as an insulation material against outdoor noise and vibrations. This ability of vertical 
gardening is affected by several factors including depth and composition of the substrate (plays the 
role of sound reducer) or growing medium as well as the selected plant type and wall coverage. 
 
Timothy Van Renterghem et.al (Timothy Van Renterghem, 2012) claim that vegetated façades are 
most efficient when applied to narrow city canyons with acoustically hard façade materials, that are 
close to be rigid. Also, greening either the upper storeys of a building that faces the street or the 
whole façade of a courtyard is the most efficient way to achieve quietness.   
 
3.1.5 Storm water Management  
 
Green walls naturally absorb and filter storm water; they utilize recycled grey or black water for 
several purposes, having thus a positive effect on hydrology. The irrigation of vegetation via dripping 
or hydroponics becomes an efficient way of watering, if, for instance, collected rainwater is being 
used (Picture 3.2).  
 
 
Picture 3.2: Hydroponic Vertical Garden 
 
Özgör Burhan Timur et.al (Özgör Burhan Timur) denote that any waste water can be collected at the 
gutter –a special tray- of a green wall system, located in the bottom of this garden, where it is 
drained away and utilized. Otherwise, this amount of water is being recycled and put back on the 
garden. As a result, plants consume all water and practically, waste is decreased or eliminated. 
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Finally, the soil substrate of green walls absorbs rain water, reducing thus runoffs. So, natural 
waterways are not affected by pollutants that can be found in storm or waste water. 
 
 
Picture 3.3: Greywater treatment (www.greenecowalls.com) 
 
3.1.6 Insulation  
 
Vegetation on walls assists in cooling buildings during summer and insulating them during winter. 
Explaining, during winter, insulation is offered by evergreen species through trapping a layer of air 
against the façade, reducing thus heat losses by convection. Özgör Burhan Timur et.al (Özgör Burhan 
Timur) translate this phenomenon into numbers: up to 30% greater insulation effect has been 
recorded when temperatures fall close to zero.  
 
During a hot summer day, the heated walls cause indoor temperatures raise, increased demand for 
cooling and greater energy consumption. After the integration of a Green Wall, surface temperature 
falls, reducing thus the wall temperature and building’s cooling loads. This is an indirect insulation 
effect. 
 
3.1.7 Increased Biodiversity 
 
Biodiversity is defined as the range of different kinds of living forms within an ecosystem. It has the 
ability to enlarge the ecological system’s productivity, stabilize it and improve the aesthetics and 
psychology of the inhabitants. Vegetation also provides a nesting place for several kinds of birds such 
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as, blackbirds, song thrushes and house sparrows, especially when suitable native plants are 
included.  Also, particular species such as common ivy and climbing roses produce colorful berries 
enjoyed by birds in winter time.  
 
Despite the benefits, green walls would attract wildlife insects, birds, and mammals that could be 
annoying for the residents. Fortunately, through careful design, the presence of wildlife can be 
discouraged: the selection of non-fruitful plants that cannot be considered as a food source will 
repeal the species. Similarly, thin climbers with small leaves do not attract small animals or birds. 7 
 
3.1.8 Improved Exterior Air Quality/Pollutants removal 
 
The integration of greenery into a building’s façade leads to a reduction in urban temperatures that 
affect positively air quality. This occurs through the reduction of smog days, as gas exchange by 
plants assists to add oxygen to the air and, consequently, to reduce the number of air born 
particulates. More specifically, gaseous pollutants are absorbed through photosynthetic process and 
airborne particulates are trapped in the leaves.  
 
The surface area of climbing plants’ leaves is large and as a result, a great portion of dust particles 
(particulate matter PMx) is filtered out. Dust particles are being collected by leaf surfaces, until they 
are washed to the ground during a rainstorm. Additionally, they mitigate other pollutants such as 
NOx, they take up CO2 in daytime and remove smaller amounts of other contaminants in the air. An 
analysis published by H.D. Van Bohemen et.al (H.D. Van Bohemen, 2008), in which EDX-spectrum8 
has been used, shows that the most abundant elements found on the leaves was Si (Silicon) and Fe 
(Iron).  (Graph 3.2) 
 
Particulate matter of an aerodynamic diameter of less than 10 μm (PM10) has become the standard 
measure of this form of air pollution. Atmospheric particles, especially those with an aerodynamic 
diameter of <10μm (the smaller particles of the PM2,5 size range are considered as the most 
damaging to health, since they can penetrate the respiratory tract more easily), pose a long-term 
threat to the human health, in particular to human respiratory functions. Applying living walls as a 
sink for air polluting substances leads to a contribution of better air and ecological quality, as they 
                                                             
7
 continuingeducation.construction.com 
8
 Energy-dispersive X-ray spectroscopy (EDS, EDX, or XEDS) is an analytical technique used for the elemental analysis or chemical characterization of a 
sample. 
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mitigate dangerous particles by eight times. For instance, common Ivy (Hedera helix) is a strong 
evergreen climbing plant, growing up to 20-30 m high and commonly used as a cover on walls. You 
can observe the capturing of particles ability in Picture 3.4.  
 
 
 
Graph 3.2: EDX- spectrum of fractured particle (H.D. Van Bohemen, 2008) 
 
 
 
 
Table 3.2: Analysis of fractured particle (H.D. Van Bohemen, 2008) 
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Picture 3.4: ESEM/BSE photomicrograph of particles smaller than 10μm (PM10) on the backside of a leave of Hedera helix 
taken from the forest (left) and near a traffic road (right) 
 
The Leaf Area Index (the ratio of total upper leaf surface of vegetation divided by the surface area of 
the land on which the vegetation grows) shows the degree that plants can achieve improvements in 
air quality: the larger the leaf area, the greatest the proportion of particulate matter a plant or green 
wall will retain. Therefore, dust and particulate matter counts can be reduced by as much as 75 
percent downwind of urban plantings. Similarly, fumes and bad odors can be intercepted by plants or 
even masked by the scent of some plants to further improve air quality9. Cleaner air is a direct 
benefit of the integration of vegetation, a quite positive result for the asthma suffers, who are 
limited indoors during Bad Air days.10  
 
3.1.9 Economic 
 
Green walls can improve the environmental performance of buildings and therefore the economic 
performance through reducing heating and cooling costs. E. Gregory McPherson et.al (E. Gregory 
McPherson, 1988) claim that in temperate (like Mediterranean) and hot climate cities, dense shade 
on all building surfaces can reduce annual space cooling costs by 53% - 61%, whereas the change 
(positive or negative) in annual heating costs depends strongly on the type of climate, location of the 
city, as well as the vegetated wall orientation (east than west walls). Finally, in Salt Lake City a 50% 
wind reduction lowered annual heating costs by 8%, but increased annual cooling costs by 11%. (E. 
Gregory McPherson, 1988). What has to be mentioned is that green walls can result in total savings 
that can reach 20 cents/ft2. 
 
                                                             
9
 continuingeducation.construction.com  
10 www.biotecturefl.com 
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3.1.10 Reduced Footprint 
 
Like all plants, green wall plants remove carbon dioxide from the air and release oxygen. This air 
filtering process of the most significant greenhouse gases is certainly a remarkable improvement to 
air quality. It has been proved that a 20 m² wall sequesters the same amount of carbon with a 
medium sized tree.11  
 
3.1.11 Improvements in health and well-being  
 
Why do people feel relaxed and less stressed around greenery? According to some optometrists, the 
eye of a human can distinguish approximately 2,000 shades of green, but at the same time, only 100 
shades of red. Through human evolution, recognizing a plant’s shade of green was of great 
importance when you were about to eat it or use it for shelter or medicine. This could be one of the 
reasons why we feel so comfortable around plants.12   
 
The fact that we are surrounded by concrete, traffic and noise pollution, is not healthy and has a 
profound impact on our physical and mental wellness. Installment of vegetation in such 
environments can act as an anti-stress and calmness weapon and in some cases, it can improve 
working efficiency. In addition, the improvement of air quality contributes decisively on health 
effects associated with VOC's and poor indoor air. There are numerous reports showing these 
beneficial effects of green walls on human psychology.  
 
3.1.12 LEED® Credits 
 
Installing a green wall system as a building element can be used to earn additional LEED® credits. 
LEED®, which stands for the Leadership in Energy and Environmental Design, is an internationally 
recognized green building certification system that is nationally accepted in terms of design, 
operation and construction of green buildings of high performance.  
 
It ensures that the buildings are environmentally compatible, provide a healthy work environment 
and are profitable. The categories covered by LEED® are:  
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 greenovergrey.com 
12 greenovergrey.com 
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 Sustainable Sites 
 Water Efficiency 
 Energy & Atmosphere 
 Materials & Resources 
 Indoor Environmental Quality 
 Innovation in Operations 
The following table is a summary of how green walls integrated in a new building can contribute to 
the achieving of up to 18 credits provided by LEED®.  
 
LEED® Category Green Wall Credit  Points 
Sustainable Sites 
 
Landscape Design That Reduces 
Urban Heat Islands, Non-Roof 
 
 
 
 
 
 
1 Point 
Water Efficiency 
 
Water Efficient Landscaping: 
Reduce by 50% 
 
 
 
 
 
1 Point 
 
Water Efficient Landscaping: No 
Potable Water Use 
or No Irrigation 
 
 
 
 
 
 
1 Point 
(in addition to the previous 
credit) 
 
Innovative Wastewater 
Technologies 
 
 
 
 
 
1 Point 
Energy & Atmosphere 
 
Optimize Energy Performance 
 
 
 
 
 
1-10 Points 
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Innovation in Design 
 
Innovation in Design 
 
 
 
 
1-4 Points 
 
Table 3.3: LEED® categories and their corresponding point system 
 
Description 
i. Landscape Design That Reduces Urban Heat Islands, Non-Roof 
Exterior green walls decrease the solar reflectance of an envelope and thus mitigate the Urban Heat 
Island effect, by reducing the city’s temperature. The LEED® rating system recommends “considering 
replacing constructed surfaces (i.e. roofs, walls, sidewalks, etc.) with vegetated surfaces such as 
green walls and open grid paving or specify high-albedo (light reflective) materials to reduce the heat 
absorption.” 
ii. Water Efficient Landscaping: Reduce by 50% 
Limit or eliminate the potable water usage, or other natural surface or subsurface water resources 
available on or in the vicinity of the project site, for landscape irrigation. A building can incorporate a 
special collection system in order save storm water from the buildings site and roof surfaces for 
irrigation purposes i.e. watering of the green walls and other landscape features. 
 
iii. Water Efficient Landscaping: No Potable Water Use or No Irrigation 
Eliminate the potable water usage, or other natural surface or subsurface water resources available 
on or in the vicinity of the project site, for landscape irrigation. Using only captured, recycled water 
or non-potable water for watering purposes will result to this proposed additional credit. There is 
also the possibility of designing a green wall that does not require irrigation. 
 
iv. Innovative Wastewater Technologies 
 
Decrease wastewater and potable water demand, while increasing the local aquifer recharge. Green 
walls can be used as a means of wastewater treatment through a number of innovative techniques. 
The incorporation of compost tea from a composting toilet is another innovative use of a green wall 
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that aims to reduce wastewater generation. This is not recommended for indoor air quality living 
walls. 
 
v. Optimize Energy Performance 
The prerequisite standard in order to mitigate environmental and economic impacts that are 
associated with the irrational energy use is the achievement of increasing energy performance above 
the baseline. Green walls provide additional insulation and natural cooling mechanisms to a building, 
thereby reducing its reliance on mechanical systems in both the summer and winter months. A green 
wall can be an integral part of a building’s cooling strategy. 
 
vi. Innovation in Design 
Innovation in Design credits provide a green wall designer the opportunity to think beyond the 
objectives of the LEED® rating system and create sustainable building solutions against challenges in 
order to earn extra credits under the system. (Introduction to Green Walls, 2008) 
 
3.1.13 Urban Agriculture  
 
Living wall concepts can assist as local fruit and vegetation generators, provided that several design 
factors that influence their capability of producing food are addressed. For example, the level of 
nutrients available, the level of desired maintenance (they requires more maintenance than 
ornamental plants), sun exposure as well as the building’s height. Unfortunately, it is difficult to find 
such a food-growing vegetated wall.13  
 
 
 
                                                             
13 continuingeducation.construction.com  
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3.1.14 Property Value 
Green walls can increase property values of homes and businesses, as they are considered as a 
design trend. Vegetation features can be seen in places seeking for distinction, such as restaurants 
and hotels, spas, designer retail stores or exclusive clubs. Additionally, the existence of a green wall 
concept may generate higher rents and increased resale value. Studies have shown that simply by 
having plants inside or in the vicinity of a building or home, its real estate value can be increase by up 
to 20%.14  
 
3.1.15 Social 
Green walls may contribute positively on crime reduction since residents of such a neighborhood 
report lower levels of fear due to fewer incivilities and less violent behavior (Graph 3.3). The benefits 
are also social, since the members of the local community attract higher public esteem and pride for 
their area. For this reason, green walls are unlikely to be graphitized or vandalized and as a result, 
they improve the quality and perception of the urban environment. Finally, they can act as a dense 
and natural barrier for unwanted guests, providing thus, security. (Chong Zui Ling, 2012) 
 
 
Graph 3.3: Aggressive Behavior against a Partner linked to increased mental fatigue in non-green living spaces. (Kuo, 2001) 
 
3.1.16 Local Job Creation 
 
As the popularity for green wall technology increases, so does the demand for qualified personnel 
that specializes in green wall and more specifically, in designing, installation and maintenance.  
                                                             
14 greenovergrey.com 
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3.1.17 Aesthetic Improvement 
 
Concrete walls, fences along transportation corridors and several other parts of everyday built 
environment hardly constitute an aesthetically appealing landscape. These areas are opportunities 
for improvement through greening. Many of the modern green walls are designed in a way that they 
provide artistic effects together with calmness yielding by greenery in very urban spaces. Several 
studies have shown that such green interventions in places like clinics or hospitals, lead to 
psychological improvements, for example, decrease in patients’ recovery times. Finally, green walls 
can compose a picture of great interest and admiration, due to the seasonal variations in color, 
growth, flowers, and perfume of the selected plant types. 
  
3.1.18 Plants as shading devices 
Green Walls act a natural shading device, as they block sun radiation and thereby help to regulate 
the internal temperature of the house. The shading properties of a Living Wall help to decrease a 
building’s surface temperature and thus, increase its thermal performance. (Susan Loh, 2008)     
 
3.1.19 Weight  
 
A soil-less system (PVC layer, felt & metal frame) can weigh less than 30 kg/m2, despite the fact that 
it is constantly wet. So, it can be considered as a fairly light-weighted add-on to existing walls.15  
 
3.2 Problems and Concerns 
 
As a new and innovative technology that is on a developing stage, green walls (both green 
façadesand living walls) confront problems and concerns of various scales: from serious economic to 
plain cleansing. A list of disadvantages and concerns are presented, followed by proper explaining, in 
case it is valid.  
 
 
                                                             
15 www.crd.bc.ca 
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3.2.1 Cost Barrier 
 
Cost is by far the most negative aspect concerning green wall installations. Most people believe that 
is a kind of luxury, reasonably. Some types of green walls based on innovative technologies and state 
of the art expensive materials or plants (especially types of living walls) are quite expensive. This is 
also based on the fact that maintenance and construction are costly, resulting to the unwillingness of 
a probable investor to pay. But, the more installations are constructed, the more the negative 
aspects are eliminated and the more the cost decreases. So, there is a belief that this can change in 
the future. Fortunately, there are types of well-functioning vertical planted walls that are cheap 
enough for everyone to invest.  
 
3.2.2 Lack of Knowledge 
 
The technology, the construction methods, the plants and the rate of growth as well as other 
important information are not well-known yet, not only by public but also –and more importantly- by 
construction professionals or politicians. The only type that is familiar is still green façades as 
ornaments that date back to hundreds of years ago.  
 
Other issues such as green walls’ relation to rain water management are missing. There is no real 
measurement of the impact of green wall on rain water flood or treatment of the rain water. More 
studies concerning the impact of green wall technology on the heat island effect, on environmental 
impact and health issues are missing. This problem must be solved in order to make a step forward.  
 
3.2.3 Lack of motivation and incentives 
 
The lack of knowledge creates a lack of motivation. If professionals do not consider green walls as a 
building element, then the importance given to such a technology is negligible. In addition, as 
modern vertical gardening is a new construction entry we lack of information based on the returns 
an investment generates.  
 
Concerning the incentives, things are not promising for green walls yet, only with very little 
exceptions. Although there is concern about the high levels of energy consumption and its adverse 
impacts, proper law formation or incentives (e.g, tax deduction) that are enforced, does not include 
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green walls. We hope that things will change in a positive way, as the contribution of green walls is of 
great importance.  
 
3.2.4 Inappropriate Irrigation 
 
There is a problem detected, concerning the inappropriate irrigation, by means of under- or over-
irrigation. This problem constitutes an installation error that can harm plants and materials.  
 
3.2.5 Mould and Moisture Problems 
Proper air flow and water movement must be established to help ensure that harmful moulds do not 
grow16. Presence of moisture can result in structure deterioration, so the walls must be separated 
enough from the structure. All in all, mould and moisture are interdependent: moisture must be 
controlled in order to avoid mould growth. 
 
3.2.6 Wall Damage 
This is a problem detected in green façade installations, planted with Ivy. Building Design and 
Construction17 mentions that the ivy-covered buildings are aggressive, self-clinging plants that grow 
without specially engineered support and are known to damage walls and hinder building 
maintenance. Nevertheless, this issue is of great controversy.  
 
3.2.7 Salt Accumulation  
 
Greenscreen 18 mentions that when salt accumulates in the soil, excessive sodium (Na) from salt 
destroys soil structure, raises soil pH, reduces water infiltration and soil aeration leading to soil 
compaction and water runoff. This accumulation in the plant can interfere with photosynthesis and 
other plant processes like respiration and transpiration.  
 
                                                             
16
 www.crd.bc.ca 
17
 www.bdcnetwork.com 
18 greenscreen.com 
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3.2.8 Attraction of insects  
 
Reports have shown that green installations can attract unwanted insects like spiders or termites. 
The latter, cause problems to wooden structures in particular. Nevertheless, green walls contribute 
positively to biodiversity.  
 
3.2.9 Excessive Pollen  
 
An important consideration is the selection of plants that will not release excessive pollen, as it 
contributes to formation of unpleasant health conditions to the nearby residences. 
Other problems that should be mitigated: incorrect plants selection, wrong growth medium and 
falling of plant leaves.  
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4. Design, Installation, Maintenance and Costs  
 
 
Design, installation and maintenance processes are the most important stages in a green wall 
project, with varying difficulties for each distinct concept: green façades and living walls. The above 
mentioned processes should follow a pre-scheduled series of actions/stages in order to be 
successfully completed: the consulting and design process takes place followed by the stage of plant 
growth in the case of living walls and installation process. For green façades, vegetation starts 
growing after its plantation process. The last stage consists of maintenance actions, that occur 
repeatedly and continuously during the projects lifespan.  
 
 
 
According to Continuing Education Centre19, the overall design system is made by an architect in 
conjunction with a landscape architect with the input of a manufacturer or supplier of a green wall 
system and a horticulturist or nursery specialist. Concerning the irrigation system, this is a 
mechanical engineer’s job, maybe in conjunction with an irrigation consultant, or the installing 
contractor. The whole process takes place at an initial stage and as a result, some important 
questions have to be answered in order to facilitate the design process. For instance: 
 What type/size of a building has been selected?  What is its form/solar orientation? Which 
are the design objectives of the green wall installation? 
 Which is the most optimal location/system selection/planting design? What are the 
weather/climatic conditions of the selected location? What are the levels of exposure to the 
weather phenomena?  
                                                             
19 continuingeducation.construction.com 
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 What type of green wall is going to be constructed? Green façade, Living Wall or a 
combination of both? What is the initial cost? What about the maintenance costs?  
 What type of plant is going to be selected? 
 What is the type of growing medium that is going to be used? 
 Which will be the irrigation system? What kind? 
 When is the completion time? 
In the case of living walls, plants are growing within modules at a local nursery or grower’s facility 
and transported to the site, when they are fully grown. After that, the framesets are fastened onto 
the modules and the units are being hanged, before the installation of the irrigation system. In a 
green façade system, the modules or free growing vegetation is being planted as appropriate.  
The installation of a green wall consists of different stages 
when we are talking about green façades or living walls. Each 
process is analytically described in the next subchapters. In any 
case, this construction process consists of installing frames, 
irrigation controllers, drip lines and sensors, pre-planted panels 
–in the case of living walls- and also takes into consideration 
the protection of all floors and surfaces. Additionally, 
concerning the living walls, approximately 450 m2 of living wall 
panels with frame can be installed in one day.  
The maintenance of a green wall is a key factor in its success 
and needs to be seriously considered at the beginning of any project. A preliminary maintenance 
plan should be established as a part of the design phase in order to ensure the long-term success of 
the project, as green walls are living organisms and as such, they require adequate support and 
nurturing to survive.  
 
The long term maintenance of a wall can become the most expensive and labor intensive element as 
irrigation and drainage systems requires regular maintenance. Nevertheless, this process is critical to 
ensuring long-term beauty and survival. According to the UK Guide to Green Walls20, the level of 
maintenance will include need for plant pruning, feeding and replacement. Some systems will also 
need monitoring to ensure structural elements remain secure and do not deteriorate, e.g. correct 
tension in wire-rope systems.  
 
                                                             
20 www.urbangreening.info 
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In the upcoming subchapters, the cases of green façades and living walls are being examined 
separately, as well as the corresponding type of plants for each case. 
 
4.1 Green Façades: Design, Installation and Maintenance   
According to “Building Design and Construction” 21, green façades can be adjacent to walls or set 8-
46 cm from the wall surface using mounting clips or “standoff” brackets. Trellis modules’ depth 
protects the surface of the building by keeping plants away from walls, in order to prevent problems 
that could otherwise compromise a building's integrity. The structures also contribute to the correct 
distribution of climbing plants’ weight across the screen structure and wall. In cable and rope wire 
systems, anchors and turnbuckles are installed at one end of each cable for tightening and 
adjustments as required by plant development.  
 
Laurent Aupetit Bjerre (Bjerre, 2011) describes three different installation techniques for green 
façades, depending on the technology used for the support of the climbing plants:  
 
 
Picture 4.1: Webbing-metal grids technique 
 
Webbing-metal grids technique: The simplest type of construction consisting of proper webbing that 
is fixed on the wall, creating a spacer of 30mm (Picture 4.1). This gap prevents roots to touch the wall 
and allows the wall to dry by letting the air move through it. The vegetation is used as a cladding 
material. Attention should be paid at the plant type decision process in order to avoid the occasion of 
filling up the ventilation gap by plants resulting, thus, in moisture creation problems. The wall should 
also provide the ability of carrying the load of the construction. The only drawback of the present 
                                                             
21 www.bdcnetwork.com 
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technique is the fact that climber take time to grow. To obtain a fully complete green façade can take 
up to 5-10 years depending of its size. 
 
Stainless steel frame technique (Picture 4.3): This technique is similar to the above described except 
that the wall is not load bearing anymore. The full load of the green façade is 
taken by a stainless steel frame and the façade acts only as a stabilizing wall. 
Foundations need to be cast to ensure that the load of the steel frame 
reposes on solid ground. Once foundations are cast, the green façade can be 
quickly installed as it only requires a fixed steel frame and some cables or 
wires for the vegetation to grow on. Also sufficient space between the wall 
and the frame should be kept to avoid any contact between the wall and 
plants. The installation can be completed within 2-3 days, depending of the 
wall surface, and can be done just before the ending over.  Similarly to the 
previous technique, the owner should be patient in order to see a full plant 
growth.  
 
 
Combined technique (Picture 4.3): Producers developed another 
technique to achieve full growth result from the beginning. To do 
so they multiplied the number of plants and added earth or 
substrate into heights. It also gives the owner the alternative not 
to start his green wall from the ground. A load bearing stainless 
steel frame carries both metal web and planters. A cat walk can 
be installed in the steel structure; it allows easy inspection and 
maintenance, especially if the green wall is situated in height. On 
the steel structure a series of containers/planters which contain 
substrate and plants is attached. The containers are isolated and 
if it is necessary, a heat-wire runs through them to avoid any 
freezing of the roots. The planters are also equipped with a 
remote irrigation/fertilization system that monitors the plants living conditions and automatically 
waters and fertilizes, when it is necessary. The watering scheme can be seen at the Picture 4.4. 
Finally, grids are attached to the frame so that they can be colonized by climbers. According to 
producers, this technique permits to obtain a final green wall 2 years after the installation. If the 
plants are pre-grown (4 month in nursery), then just after the construction, the owner can have an 
Picture 4.2 Stainless steel 
frame technique 
Picture 4.3: Combined technique 
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80%-90% full green façade. The only drawback of this type is that there is a restriction concerning the 
type of plants that can be used. 
 
 
Picture 4.4: Watering Scheme 
 
The lifespan of the above mentioned systems is estimated to 15-30 years. The fact that a green 
façade system is almost self-maintained makes such a project appealing to anyone that wants to 
invest on green walls, especially because of the low maintenance needs compared to living walls.  
 
Generally, watering systems are not taken into account for the direct and indirect greening system 
due to the fact that the climbing plants are rooted into the ground. (Marc Ottelé, 2011) So, for the 
two first techniques that have been described above, there is no need for watering, as the roots of 
the plants are in the ground (self-watered). The only maintenance needs include a proper trimming 
of the climber as well as the dead leaves removal in order to avoid blockage of the evacuation of rain 
water or growth of parasite plants. In other words, at least the first five years are almost 
maintenance free. After this time, a trimming process can be scheduled twice a year to ensure that 
the climbing plants do not grow out of their boundaries (do not reach gutters, down pipes, chimney, 
windows, doors, ventilation’s inlets and outlets or other possible opening or installation on the 
building).  
 
On the other hand, the combined technique demands more maintenance because of its complexity 
in installation. As a result, there is a need for a small technical room that will contain a control 
automate and an irrigation panel. Additionally, there are also the same needs with the two first 
techniques.  
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Finally, climbing plants require a good supply of moisture and occasional pruning, depending on 
species, appearance, and wildlife control. Supporting structures require minimal maintenance, with 
only occasional monitoring of the tension and structural connections.  
 
4.2 Living Walls: Design, Installation and Maintenance   
 
The design process of living walls, depending on their type, has already been analyzed in “General 
Background” chapter and more specifically in “Living Walls” subchapter.  
The installation process varies with the different type of living walls. As it was referred in “General 
Background”, the most common classification of soil-based living walls is: Loose medium systems, 
Mat type systems and Structural media.  
In loose medium systems installations, the vertical aluminum tracks, the irrigation infrastructure 
(nozzles for irrigation are included) and the gutter rail (Picture 4.5) are the most important elements.  
 
Picture 4.5: Loose Medium System (livewall.com) 
Irrigation nozzles are parts of the irrigation rail. Their function is to water the pre-planted vegetation 
that is contained in the specially designed “bags” or “shelves” that can be seen in Picture 4.6.  
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Picture 4.6: Modules in loose medium systems (livewall.com) 
The maintenance of such systems varies seasonally, thus, a proper schedule should be programmed 
at an initial stage: in spring, before the plants start growing, some modules should be removed in 
order to check the wall for signs of moisture or condensation. The owners are advised to do this 
process of checking at the beginning of every season. Also, the perennial plants should be pruned 
and the older growth should be removed. The irrigation system which is important to the whole 
living wall function, has to be maintained in terms of replacing drain plugs and irrigation controller 
batteries or cleaning any obstructions to irrigation nozzles. Replanting may be forced in the case of 
annuals, perennials, vegetables, herbs or tropical plants but not in the case of sedums and 
succulents, as they have the potential to last many years or decades, without being replanted. An 
exception would occur in case of an incurable disease, but it is still considered as a rare 
phenomenon.  
 
In summer, pruning or removal of weeding seeds should be programmed. Pests’ issues that rise 
during summer can be mitigated by proper pest controls and fertility of soil has to be monitored (soil 
nutrients, levels of pH) in order to keep plants healthy. The most important consideration in summer 
period is the irrigation process. There is no need for over-irrigation, although plants demand larger 
amounts of water during hot months. The solution is to adjust the employed controllers so as to 
expand a little longer the nozzles’ run time.  
 
During cold-climate autumn, plant growth is reduced, leaves drop and vegetation dies. Proper 
trimming and cleanup for perennials and total removal of plants and soil for annuals is 
recommended. In cold climates, deactivation of the whole system is necessary, in order to avoid 
freezing damage. In winter, no action is recommended.  
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During warm-climate autumn, the actions are very limited. The recommended processes should take 
place during winter. Besides the wall checking for moisture/condensation, the excessive plant growth 
behind the system (cavity) should be pruned away. Finally, pruning, watering and fertilizing are vital 
for the health of plants during this season.     
 
During each season, the automatic or manual fertilization controllers must be checked for their 
proper functionality.  
 
In mat type systems, or felt system according to Susan Loh (Susan Loh, 2008), plants are fitted into 
felt pockets of growing medium and attached to a waterproofed backing which is then connected to 
structure behind. The felt is kept continually moist with water that contains plant nutrients. A sketch 
of the installation components is provided in Picture 4.7. Plants do not feed on earth but on the 
mineral inside, therefore this system is quite simple. A metal frame is fixed on a bearing wall in order 
to carry the total structure as well as to let air pass through the cavity between the wall and 
installation, resulting thus in the cooling effect. Additionally, a PVC plate stapled with felt mat is fixed 
onto the frame. Seeds and plants are fixed onto the felt. 
 
 Since there is no earth to retain the water, a collector is installed at the bottom of the wall, 
containing the “food” of plants that is driven to the top of the wall using proper piping system. Then, 
it is slowly poured into the felt.  The water consumption for the living wall system based on felt layers 
3 l/day (average value for whole year). (Marc Ottelé, 2011) 
 
                                                                                    
Concerning the maintenance need, Bjerre (Bjerre, 2011) argues that the whole system demands 
regular inspection, as it is soilless with little retention of water and minerals. The irrigation system 
must be in good working condition, pump filters must be changed when needed and the 
Picture 4.7: Mat or felt type system (Loh, 
2008) 
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water/fertilizer liquid needs to be checked and controlled on daily basis. In order not to exceed 
boundaries, plants have to be trimmed 1-2 times per year. A well maintained mat type system has a 
lifespan of 15-20 years but if it is not properly preserved, plants will die and the whole living wall 
should be replenished.  
 
 
 
Finally, the structural media or panel systems are the most popular, robust and high performing 
constructions, with a longevity of 10-15 years. They normally comprise of pre-planted panels that are 
brought on site and connected to the structural system and a mechanical watering system, as you 
can see Picture 4.8. The water consumption for the living wall system based on planter boxes is 
assumed as a quantity of 1 l/day (average value for whole year) (Marc Ottelé, 2011). In general living 
wall pre-grown panels need a period of approximately 6-12 months prior to delivery in order for 
plants to grow first as plugs and then to fill in the panels. The growth of plants can be horizontal and 
afterwards, they can be mounted vertically. Highly densed concrete walls may be watertight; 
however, a waterproof membrane may be useful for installation on metal or wood frame structures, 
according to “Building Design and Construction”22. 
 
As the panels have substrate, they retain water and minerals, so they do not require a lot of 
attention, just a weekly control of the irrigation system. In case of problems with the irrigation 
system or if plants died, panels can be removed easily and quickly be replaced. Also, once a year, the 
trimming process should be scheduled.  
                                                             
22 www.bdcnetwork.com 
Picture 4.8: Structural Media 
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4.3 Types of Plants 
 
Just by absorbing CO2 emissions, green plants contribute to the mitigation of human-induced global 
warming. Additionally, they absorb and thus destroy a wide variety of pollutants such as volatile 
organic compounds (VOCs) and not burnt hydrocarbons from vehicle exhaust.  
 
Concerning the climbers on buildings, it is admitted that they protect the surface of the building from 
heavy rainfall and hail caused deterioration and possibly influence the interception and temporal 
holding of water during rainstorms, as green roofs do. They also assist to isolate the surface from UV 
radiation, which might be an important consideration for certain modern cladding materials. 
Climbers are proved to be highly effective at entrapping dust and at concentrating certain dust-
derived pollutants in their tissues, particularly in those that are then discarded. There is also an 
interesting but unofficial evidence that climbers attached on buildings contribute to the reduction of 
noise levels.23 
 
A wide variety of plants may be employed for both green wall concepts. When  picking plants for a 
wall one should take into serious consideration the horticultural conditions, the micro-conditions of 
the installation such as sun exposure, temperature as well as wind levels, a desired maintenance 
schedule, the soil profile of the system such as the thickness of the growing medium and of course, 
the desired appearance of the wall.  
 
Gabriel Pérez et.al (Gabriel Pérez, 2011) claim that the final results of the implementation of a green 
wall may differ from one climating area to another spoiling the expectations of energy savings that 
had been planned according to theoretical calculations for a given system. “It is essential to know the 
behavior of the different plant species in local weather conditions for the efficient operation of green 
façades”, they depict.  
 
4.3.1 Living Walls Case  
 
As it was mentioned in the previous chapter, living walls panels are assembled and attached to a 
structural wall four to six months after the seeding process. The tolerance of the system, the rate of 
growth, the environmental conditions and the preference in color/texture are some of the factors 
                                                             
23 www.qc-sites.com 
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that determine plant selection. The panels can “accommodate” ferns, groundcovers, low shrubs, 
drought tolerant plants, perennial flowers (Picture 4.9), edible and native plants.  
 
 
 
Picture 4.9: Perennial flowers 
 
Varieties that have been successfully supported by these types of installations are listed in the table 
below: 
 
Sedges & Grasses Color/Ground covers 
Carex caryophylllea – Spring sedge 
Carex dolichostachya – Gold fountains sedge 
Carex morrowii – Japanese sedge 
Carex cherokeensis – Cherokee sedge 
Carex perdentata – Sand sedge 
Carex planostachys – Cedar sedge 
Eragrostis intermedia – Plains lovegrass 
Nolina texana – Texas sacahuista 
Euonymus japonicus microphyllus & var. – 
Euonymus boxleaf varietals 
Begonia var. – Begonias 
Phlox subulata – Moss pinks 
Allium senescens subsp. Montanum – Mountain 
garlic 
Allium tanguticum – Ornamental chive 
Campanula carpatica – Bellflower 
Dianthus var. – Carnation groundcover varietals 
Coronilla varia – Crownvetch 
 
Table 4.1: Courtesy of Tournesol Siteworks LLC 
 
 
Sedum Varieties 
 
Most sedums will perform well in this type of application. Consult with your local grower to discuss 
availability and appropriate varieties. 
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Picture 4.10: Sedums and Succulent Plants 
 
4.3.2 Green Façades Case 
 
Green façades use climbing plants, which are divided into two categories: self-supporting plants (root 
climbers and adhesive-suckers) and plants that need supporting structure (twining vines, leaf-stem 
climbers, leaf climbers, and scrambling plants). Climbers can vary based on hardiness, orientation, 
and climate24. Rooted at the base of a green façade, climbing plants usually need a period of 3-5 
years so as to achieve full coverage. 
 
According to Appropedia25, the most popular plants (for temperate climates) are: 
• Actinidia 
• Akebia quinata/trifoliata 
• Aristolochia 
• Campsis 
• Celastrus 
• Clematis 
• Cotoneaster 
• Euonymus fortunei 
• Hedera 
• Heuchera 
• Humulus lupulus 
• Hydrangea petiolaris 
• Lonicera 
• Nephrolepis 
• Parthenocissus tricuspidata/quinquefolia/inserta 
• Vitis berlandieri / riparia 
                                                             
24
 www.bdcnetwork.com 
25 www.appropedia.org 
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• Polygonum auberti 
• Pyracantha 
• Selaginella 
• Wisteria 
Things that have to be kept in mind are: 
 The thicker the soil profile, the greatest the root area available for plants to thrive during the 
project’s lifespan. 
 The density of plant life will have further implications for the underlying structure, given that 
snow and rain will have a greater impact on system’s weight, if the leaf surface area is large. 
 
 
 
Picture 4.11: Annual plants 
 
4.4. Cost and Environmental Burden 
 
Although the benefits of green walls are clearly defined and their general contribution is proved to 
be significant and vital in terms of 
sustainability, environment, broader 
economics and society, there are not 
plenty of examples of such technology, in 
contrast with green roof installations, in 
order to elicit information for the cost 
analysis part. In addition, subsidies or other 
incentives have not been accorded yet or 
are still in an initial stage, proving thus, how immature this technology is. Besides that, it is of 
common sense that by integrating green walls during the initial design stages, one could achieve cost 
minimization and benefits maximization.  
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4.4.1 Costs and System Comparison 
 
First of all, it is logically admitted that a green façade system that uses plants growing from the 
ground but has the potential to grow until a certain height, costs notably less (almost half price) than 
a full living wall with planters supported on a frame, which on the other hand does not have a certain 
limit of growth. Multiple modules in rows and columns can reach great heights, depending on the 
design. Additionally, the cost varies depending on the different concept of living walls and green 
façades. 
 
Perini et al.  (K. Perini, 2011), presents cost data based on a categorization: direct, indirect and living 
wall systems, including their subcategories. There is one category of direct systems, the so-called 
green façades. Two distinct concepts for indirect systems (using a supportive mesh, using planter 
boxes) and three categories of living wall systems (based on planter boxes, foam substrate and felt 
layers). For better consideration, see the Pictures 4.11 and 4.12.  
 
 
Picture 4.12: (a) Direct system, (b) Indirect system using a supportive mesh, (c) Indirect system using planter boxes (LWS) (K. 
Perini, 2011) 
 
Picture 4.13: Living wall system (LWS) based on (d) planter boxes, (e) foam substrate, (f) felt layers (K. Perini, 2011) 
Table 4.2 contains a cost range of the systems above, as it was proposed by Katia Perini et al.:  
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System Description  Cost range (€/m2) 
(a) Direct greening system Cost of grown climbing plant  30-45 
    
(b) Indirect greening system 
using a supportive mesh 
Cost of grown climbing plant 
and supporting material 
 40-75 
    
(c) Indirect system using planter 
boxes (LWS) 
Cost depends on material 
 
 
 
 
i) zinc-coated steel  
(galvanized steel): 600-800  
ii) coated steel: 400-500 
iii) HDPE: 100-150 
    
(d) LWS based on planter boxes 
HDPE (High-density 
polyethylene) 
Initial Cost  400-600 
    
(e) LWS based on foam 
substrate 
Initial Cost  750-1200 
    
(f) LWS based on felt layers Initial Cost  350-750 
 
 
Table 4.2 
 
 
The Continuing Education Center 26 
argues that a material-only cost for a 
living wall (stainless rails and framesets, 
recycled modules) can be expected to be 
approximately $60-$90/ft2 or €500-
€750/m2, depending on the scale of the 
installation. The total cost that includes 
plants, soil, irrigation and installation 
may be twice the material-only cost, 
                                                             
26 continuingeducation.construction.com  
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which is €1000-€1500/m2. Of course, the labor and material cost will locally vary.  
 
Laurent Aupetit Bjerre (Bjerre, 2011) cost estimation includes: labor, consultation, plants, site 
cleaning and project management and does not include maintenance, water consumption, and 
fertilizer. In the case of green façades, the cost range is €75-€230/m2, the cheapest method is the 
webbing technique, followed by the frame technique. The most expensive is the combined 
technique.  
 
In case of living walls, cost varies depending on the type of growth media. Graph 4.1 summarizes the 
analysis in percentages:  
 
 
Graph 4.1 
 
So, Graph 4.1 constitutes the following:  
 30% of total cost for labor 
 40% of total cost for materials  
 10% of total cost for Design and Management  
 5% of total cost for Administration Costs 
 10& of total cost for the margin 
 5% of total cost for the copyright, as each concept is protected  
The total average cost that Bjerre proposes for mat type systems is €500/m2.  
30% 
40% 
10% 
5% 
10% 
5% 
Total Average Cost = €500/m2 
Labor 
Materials (frame, mat, 
watering system, plants) 
Design and Management 
Administration 
Margin 
Copyrights 
mat type 
system 
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For the structural media, the proposed cost range is €535-€1310/m2, prices that vary by country. The 
comparison of the above costs (mat type and structural media) reveals that structural media is an 
expensive choice but it is cheaper in terms of maintenance.   
Taking all the above into consideration, a descriptive cost analysis is conducted, proposing average 
prices (Table 8.2): 
 
Green Wall 
System 
Category Cost Cost Description Comments 
Green Façades 
Traditional €40/m2 Only plants’ cost 
Low maintenance 
cost, self-irrigation 
(no expanses) 
With Supportive 
Structure 
€70/m2 
Only plants and 
material cost 
Low maintenance 
cost, self-irrigation 
(no expanses) 
Living Walls 
Modules/Planter 
Boxes and 
Felt Layer 
€500/m2 Only materials 
Rails, framesets, 
modules, felt are 
included. 
€1200/m2 Total price 
Includes plants, 
soil, installation, 
irrigation. 
Maintenance can 
be included or 
not. 
 
Table 4.3 
 
4.4.2 Environmental Burden 
 
In combination with the environmental benefits resulting from the use of green walls, negative 
impacts constituting burden for the environment are examined in order to evaluate the sustainability 
of such systems. Sustainability is influenced by materials used, maintenance, nutrients and water 
needed. 
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This chapter does not aim to conduct a thorough life cycle analysis (LCA), but only to make a brief 
reference on environmental impact of the greening systems. A research made by Marc Ottelé et al. 
(Marc Ottelé, 2011) has calculated the environmental impact of the production, use, maintenance 
and waste for four common vertical greening systems of buildings, in order to compare their 
environmental burden and benefits (energy savings from heating and cooling) to a bare brick wall. 
Keep in mind that a system is considered to be sustainable when its environmental burden is lower 
than its environmental benefit profile.  
 
A significant difference in environmental burdening is recorded between the majority of the greening 
systems and a bare wall, mainly because of the choice of materials and their life span. But, each 
system has its own and unique profile that is being discussed below:  
 Direct greening systems are an exception as they have a very small influence on the total 
environmental burden. This lies on the fact that no additional material is employed as 
supporting element in its installation. For this reason, this type of greening is always a 
sustainable choice. Graph 4.2 depicts the total environmental burden profile for material, 
transportation and waste for direct greening systems.  
 
                 Graph 4.2:  Total environmental burden profile – direct greening systems (Marc Ottelé, 2011) 
 
 Indirect greening systems have a high influence on the total environmental burden, due to 
the stainless steel (material) used for their supporting system (mesh).  The use of another 
material such as hard wood, High-density polyethylene (HDPE) or even coated steel can 
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contribute to energy savings for heating and cooling in Mediterranean climates, leading thus 
to greater sustainability. (Graph 4.3) 
 
Graph 4.3: Environmental burden profile for different supporting materials for indirect greening system. (Marc Ottelé, 
2011) 
 
Finally, Graph 4.4 depicts the total environmental burden profile for material, transportation and 
waste for indirect greening systems.  
 
              Graph 4.4:  Total environmental burden profile – indirect greening systems (Marc Ottelé, 2011) 
 
 Living Wall Systems based on planter boxes employ materials that affect positively the 
thermal resistance of the system. Thus, they do not have a major footprint. The 
environmental burden profile could be further improved by a higher integration within the 
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building envelope. Graph 4.5 depicts the total environmental burden profile for material, 
transportation and waste for LWS based on planter boxes.  
 
                   Graph 4.5: Total environmental burden profile – LWS based on planter boxes (Marc Ottelé, 2011) 
 
 Living Wall Systems based on felt layers have a high environmental burden due to their life 
span and materials used. This burden is something that cannot be easily mitigated. Graph 4.6 
depicts the total environmental burden profile for material, transportation and waste for 
LWS based on felt layers.  
 
 Graph 4.6: Total environmental burden profile – LWS based on felt layers (Marc Ottelé, 2011) 
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Concerning the impact of vegetation for all greening systems, it burdens the environment through 
transportation. The highest environmental burden is recorded in the living wall system based on felt 
layers, since it is difficult to recycle the panel. This fact can be mitigated by omitting the exterior 
masonry of the building envelope. 
 
The research conducted by Ottelé (Marc Ottelé, 2011) includes environmental profile results for both 
Mediterranean and Temperate climates:  
 In Temperate climates, the environmental burdening is greater than the energy savings for 
heating for all the greening systems (supporting system and vegetation).  Direct greening 
systems are an exception because, as mentioned before, they are considered as sustainable 
choices.  
 In Mediterranean climates, direct greening systems are considered sustainable and at the 
same time, living wall system based on planter boxes are almost sustainable, both facts due 
to the record of energy savings related to air conditioning.  
 In both climates, living wall systems based on felt layers present an environmental burden 
profile that is higher than the benefits gained for heating and cooling.  
Graph 4.7 presents the total environmental impact (burden and heating-cooling benefits) for the four 
different greening concepts described above, in both Mediterranean and Temperate climates.  
 
 
 
Graph 4.7: Total environmental impact (Marc Ottelé, 2011) 
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5. Building Physics  
 
 
Building physics is an important discipline, working towards a more sustainable built environment for 
the future. It analyses the flows of all kinds of energy in order to create dynamic models which aim to 
improve and maximize the system’s energy performance and efficiency, while minimizing the 
environmental impact.  
This scientific field combines building service and construction engineering with applied physics for 
both internal and external environments. The approach encompasses factors such as air movement, 
thermal performance, control of moisture, ambient energy, acoustics, light, climate, heating and 
solar shading and biology and how they can contribute in order to improve sustainability in 
constructions and comfort levels of their occupants. 
 
The integration of green walls in new or existing buildings can achieve significant changes in the 
previously mentioned factors that affect building performance. In order to be persuaded, someone 
should first be aware of the four fundamental physical, mechanical and biological processes that 
occur during the function of the vertical gardening: interception of solar radiation due to the shadow 
produced by the vegetation, thermal insulation provided by the vegetation and substrate, 
evaporative cooling that occurs by evapotranspiration from the plants and the substrate, and by 
blocking the wind. (Gabriel Perez, 2011) 
 
5.1 Thermal Balance of a Building  
 
 
A building is considered as an entity that consists of energy sources and sinks (unwanted losses). As 
mentioned before, the thermal balance represents the net amount of total gains and losses and is 
being used in order to define the energy efficiency of a building.  
 
A thermal building system has the following series of heat inputs (solar and internal loads) and 
outputs (heat and mass transfer, ventilation). Picture 5.1 presents those heat inputs and outputs of 
the system, by indicated them with arrows of certain direction:  
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Qi-Internal Heat Gain: total energy that is gained inside the building. It consists of the heat that is 
emitted by human, electrical devices and artificial lighting.  
 
QT- Conductive Heat Loss: the loss of energy by transmission of heat through the building envelope. 
 
QS- Solar Heat Gain: total energy input caused by incoming solar radiation that heats indoor air and 
thermal mass in the building.  
QV- Ventilation Heat Loss/Gain: an amount induced by the removal of indoor air (smells, 
contaminants) in order to be replaced by fresh air, by mechanical ventilation, by mixing the air of 
different temperature zones etc.  
 
 
Picture 5.1: Thermal Building System (www.educate-sustainability.eu) 
 
In order to achieve comfort conditions inside the building, a balance between gains and losses should 
be attained. In other words, thermal equilibrium should be achieved:  
Qsink = Qsource 
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where heat losses are: QTv + Qi,Sink + Qs = Qsink and heat sources are: Qs + QT + Qv + Qi,Source = Qsource. If 
Qsink < Qsource , the temperature inside the building is rising. If Qsink > Qsource , the building is cooling 
down27.    
When the thermal system of a building is not naturally in equilibrium, an additional heating/cooling 
system should be employed in order to provide the net heating energy. By adding to this amount the 
heating equipment losses, it results to the total amount of heating energy demand of a building. It 
should be mentioned that the participation of heating demand in total energy balance is dominant.  
 
The energy balance of a building can be influenced by several factors, such as ventilation and air 
movement, heat capacity, external insulation and thermal behavior of building’s envelope (Picture 
5.2). An adequate number of these factors are also influenced by the integration of a green wall 
system on the building’s envelope, through processes that are analyzed in the following subchapters.  
 
 
 
Picture 5.2: Factors that influence the thermal balance of a building 
 
 
                                                             
27 www.educate-sustainability.eu 
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5.2 The Evapotranspiration effect and its contribution 
 
The most fundamental natural processes that affect the whole functionality of green walls in general, 
arise from the vegetation. It is well known that plants absorb water (liquid phase) through their roots 
and emit it through their leaves (gaseous face) into the atmosphere. This movement of water is 
called “transpiration”. 
 
 
Picture 5.3: The evapotranspiration process (en.wikipedia.org) 
 
 “Evaporation” is the transfer of water from the earth surface (from the soil or other growing 
medium around vegetation) in gaseous form. The combination of these two processes is called 
“evapotranspiration” and is responsible for temperatures reductions and consequently, significant 
cooling (the so-called “evaporative cooling effect”), as it uses heat from the air to evaporate water 
(latent heat). More specifically, the energy that is required in order to achieve the cooling effect is 
2450 J for every gram of water evaporated, as Gabriel Perez et al mention (Gabriel Perez, 2011).  
 
Evapotranspiration takes advantage of 20-40% of the total solar radiation amount. Other great 
amounts of the initial solar radiation are used in processes such as photosynthesis and respiration. As 
a result, only 5-30% remains and passes through the leaves and affects the internal climate of 
buildings. (Picture 5.4)  
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Picture 5.4: Energy Balance on Vegetation (Ottele, 2011) 
 
5.2.1 Quantification of thermal reduction 
 
As mentioned above, the evapotranspiration process results in evaporative cooling, as air 
temperature levels decrease in interiors and exteriors. This reduction of temperature leads to less 
electricity demand (especially for cooling, air-conditioning) as the heat flow from outside to interiors 
is decreased. Their result can be translated into energy and cost savings as well as improved thermal 
comfort for the inhabitants. The greatest the combination with other effects (e.g. shading), the 
greatest the thermal reduction is. It can be characterized as a chain of consequent processes and 
results.  
 
Evapotranspiration alone or in combination with shading, can mitigate peak summer temperatures 
by 1–5°C, resulting, thus, in evaporative cooling. Of course the reduction can be greater or lower, 
depending on the climatic conditions. For instance Nyuk Hien Wong et.al proved that planted 
building façades in tropical climate result in maximum surface reductions of 11.58 oC on clear days. 
(Nyuk Hien Wong, 2009).  
 
The evaporative cooling of the leaves depends on the type of plant and exposure, climatic conditions, 
wind effect etc. For argument’s sake, dry environments or the effect of wind can increase 
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evapotranspiration of plants. In the case of living walls, evaporative cooling from the substrate will 
be important as substrate moisture is an important factor (Gabriel Perez, 2011). Papadakis et al 
(Papadakis G, 2001) reported that the water evaporated by trees can increase absolute humidity by 
1–2 kg of water per m3 of dry air. Also, in living wall systems, the smaller the distance between the 
green screen and the bare wall, the greater the cooling effect, but also the higher the humidity inside 
the air cavity (Qiuyu Chen, 2012).   
 
Several published papers introduced quantifications of the temperature mitigation, always in 
comparison with a bare wall (i.e. wall without vegetation). For instance, measurements on a plant 
covered wall and a bare wall by Bartfelder and Köhler (Bartfelder F, 1987) showed a temperature 
reduction at the green façade in a range of 2-6 oC compared to the bare wall. During sunny days, 
external surface temperature differences between a bare wall and a covered wall ranges from a 
minimum of 12oC to a maximum of 20oC. On the other hand, during cloudy days, the temperature 
differences reduce their values to 1oC-2oC (K.J. Kontoleon, 2009). Also, in Greece, a surface 
temperature reduction, compared to a bare wall, varying from 1.9oC to 8.3oC was realized (E.A. 
Eumorfopoulou, 2008).  
 
Qiuyu Chen used a laboratory with an integrated living wall system (LWS) in order to quantify this 
temperature reduction (Picture 5.5). At the same time, a comparison with a bare wall was 
conducted.  
 
Picture 5.5: The laboratory and its section (Qiuyu Chen, 2012) 
 
The temperature fluctuations of both the interior and exterior surface LWS were much smaller 
compared to the bare wall: 20.8◦C maximum in exteriors and 7.7◦C maximum in interiors. The 
temperature of indoor space was reduced at a maximum of 1.1◦C, the mean temperature of the 
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indoor space was 0.4 ◦C less than the space without the LWS. As for the air layer, a maximum 
temperature reduction of 9.7 ◦C compared to the ambient air during daytime was recorded. During 
nighttime, it was slightly warmer, with a maximum temperature raise of 1.6 ◦C. The mean 
temperature of the air layer is 3.1 ◦C lower than the mean temperature of the ambient air.  
Surface temperature difference has been recorded between the planted and its supporting bare wall, 
when a direct, indirect (green façade) or living wall system is installed.  
 
 
Picture 5.6: Direct green façade, indirect green façade, living wall system (Katia Perini, 2011) 
 
Katia Perini et.al (Katia Perini, 2011) quantified this temperature difference: ΔTsurface=1.2
oC in direct 
systems, ΔTsurface=2.7
oC in indirect systems and ΔTsurface=5
oC in living wall systems. As you can observe, 
the greatest difference is recorded in the case of living wall systems. This is explained by the fact that 
we have a total reduction of solar radiation due to the materials involved. 
 
The amount of thermal reduction depends strongly on the type of green walls (living wall or green 
façade) as well as on the alternative technology/construction (e.g. different types of living walls) 
used. In Graph 5.1, you can observe the temperature differentiations during 24 hours (one day), 
resulted from the concepts of vertical gardening.   
 
As you can see, living wall systems (green wall panels in Graph 5.1) result in lower temperatures that 
stay almost constant throughout a day, with a mean value of 27oC. On the other hand, green façade 
systems (hanging planters green wall in Graph 5.1) provide higher temperatures compared to living 
wall systems, but with fluctuation during the day. The maximum temperature difference between 
green wall concepts and a bare wall (exposed concrete wall in Graph 5.1, at 16.00) ranges from 4.5oC 
(green façade) to 10oC (living wall), proving thus the importance of such systems. 
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Graph 5.1: Temperature variation of Green Walls (Dr. Samar Mohamed Sheweka, 2012) 
 
Finally, Table 5.1 contains energy saving (calculated with Termo 8.0) for heating, energy saving for 
cooling and temperature decrease for Mediterranean and temperate climate based on Alexandri 
et.al (Eleftheria Alexandri, 2006) is given:  
 
 
Table 5.1: Taken from (Marc Ottelé, 2011) 
As you can observe, direct and indirect systems yield energy saving for heating equal to 1.2% of the 
annual consumption. Savings from living wall systems based on planter boxes and felt layers appear 
to be 6.3% and 4% respectively (thanks to the extra insulation layer-air cavity-). The temperature 
decrease due to a green layer is estimated at 4.5 ◦C and translated into 43% AC energy saving for the 
Mediterranean climate and 2.6 ◦C for the temperate climate according to Alexandri and Jones 
(Eleftheria Alexandri, 2006). Moreover, the environmental benefits profile for Mediterranean climate 
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is almost double compared to the one for temperate climate, due to AC energy savings.  (Marc 
Ottelé, 2011)  
 
Finally, Katia Perini et.al (Katia Perini, 2011) depict that at building level, every decrease in the 
internal air temperature of 0.5 oC can reduce the electricity use for air conditioning up to 8%, adding 
an indirect positive impact of evapotranspiration on the list. Other researchers argue that a 
reduction of 5.5oC outside of a building decreases by 50-70% the amount of energy needed for air-
conditioning (Peck SW, 1999). 
 
5.2.2 Other Effects 
 
Shadow produced by vegetation 
A non-shaded wall is directly exposed to the sun, resulting in higher surface wall temperature. Due to 
the fact that more thermal energy flows into the interior, temperature elevation occurs. 
Consequently, more energy will be consumed, if an air conditioning system is used to cool the room 
(Papadakis G, 2001).  
 
So, shading provided by plants and substrate is of great importance, as the solar radiation incident on 
the area shaded by trees (100 W/m2) is significantly inferior to that area without shade (600 W/m2). 
A decrease of 23% in energy used for cooling and 20% in energy used by fans by, resulting in an 8% 
reduction in annual energy consumption is achieved by the shading effect of greenery, as Bass (Bass 
B, 2003) claims.  
 
Akbari H et.al (Akbari H, 1997) proved that shade trees yield seasonal cooling energy savings of 30%, 
corresponding to an average daily savings of 3.6-4.8 kW h/d. Peak demand savings range between  
0.6-0.8 kW (about 27-42% savings). K.J. Kontoleon et.al (K.J. Kontoleon, 2009) showed a reduction of 
summer cooling energy consumption (in a reference room) from 4.65% (North oriented) to a 20.08% 
(West oriented). The shadow effect depends strongly on the density of the plant foliage. 
 
Finally, the function of a plant-covered layer as a solar barrier, reduces the absorption of solar energy 
through the day period due to the reflective properties of plants. It is estimated that the absorption 
coefficient value for a plant-covered wall surface is about one third of that for a conventional 
surface. (K.J. Kontoleon, 2009) 
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Insulation provided by vegetation and substrate 
It is well known that the installation of insulation outside of an existing building is easier than on the 
inside. Vertical gardening is an effective environmental friendly insulation solution. The air layer that 
is created between the building wall and the green screen (indirect systems) produces an interesting 
insulation effect. Gabriel Perez (Gabriel Perez, 2011) points out that the renewal of the air in this 
space, the density of the foliage and the design of the openings of the façade should be considered. 
In fact, as the density of plant covers (covering ratio) increases reaching its maximum value, the 
insulation characteristic (thermal resistance) of this layer becomes dominant. In the case of living 
walls the insulating capacity can depend on the substrate thickness.  
 
Köhler (Köhler, 2008) found that in a northern façade, improvement in heat loss up to 25% occurs, 
while a living wall can reduce the energy transfer into a building wall by 0.24 kW h/m2 (Hoyano, 
1988). Finally, using vegetated insulation (green roofs and green walls) rather than regular insulation 
(wind reduces the effectiveness of regular insulation) in order to protect the building from the cold 
wind in winter, reduces the heating demand by 25%.  
 
The insulation properties of vegetation, compared to a bare wall have been introduced by Otelle 
(Ottele, 2011):  
 
 
Table 5.2: Insulation Properties 
 
The effect of the wind and its blockage 
Green vertical systems of buildings act as wind barrier and consequently block the effect of wind on 
the façades of the building, resulting in increased energy efficiency. This effect depends on the 
density and penetrability of the foliage, as well as the orientation of the façade and the direction and 
velocity of the wind (Gabriel Perez, 2011). Also, it depends on the type of the greening system: Katia 
Perini (Katia Perini, 2011) found that the direct greening systems and the living wall systems based 
on planter boxes are the most effective wind barriers.  
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For cold climates, planting designs should reduce winter winds and provide solar access to south and 
east walls. This guideline also applies for temperate climates; however it is also important to avoid 
blocking summer winds. In hot climates, high-branching shade trees and low ground covers should 
be used to promote both shade and wind (McPherson GE, 1988).  
 
Finally, the thermal transmittance of a construction is among other things dependant on the wind 
velocity that passes either inside the foliage or within the air cavity of the construction. In case that 
lower -than the outside air speed- velocities are measured at the places mentioned above, the 
exterior surface resistance (Re) could be equalized to the interior surface resistance (Ri) affecting 
thus the total thermal resistance of the façade which results in energy savings (Katia Perini, 2011). 
The system with the greatest thermal resistance is the living wall system, as it contains an extra 
created air cavity and other material layers that result to larger wind speed reduction and more 
savings. 
 
The effect of orientation 
The orientation of the planted wall/façade plays a key role in the thermal reduction issue: in the 
Mediterranean region and more specifically in Greece, an experiment conducted by K.J. Kontoleon 
et.al (K.J. Kontoleon, 2009) showed a surface temperature reduction of 1oC on the North and 16-17oC 
on the West oriented façade. Also, while measuring the heat flux distribution on a west-facing wall of 
a two-story building covered with thick ivy, H. Di (Di H, 1999) observed that the green wall reduced 
the peak-cooling load transferred through the west-facing wall by 28% on a clear summer day.  
 
To sum up, the influence of a green layer on the wall surface is more pronounced for east- or west 
oriented surfaces. If such an orientation is not a choice (poorly oriented walls), the use of vegetation 
can compensate for poor passive design or reduce efficiently the need for cooling loads (K.J. 
Kontoleon, 2009). 
 
5.3 Heat Transfer Mechanisms 
 
In the case of green walls (both types, with cavity), heat transfer mechanisms are employed within 
the microclimate. This microclimate consists of two surfaces with a ventilated gap: bare wall surface, 
back face of the green wall (LWS in Picture 5.7) and the air layer. The outer layers of a leaf cover act 
like optical filters, while the deeper layers act like an insulation material.  
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The exterior wall surface is involved into two heat exchange processes: convective heat exchange 
between the air layer and the wall surface and radiative heat exchange between the LWS and the 
wall surface, as Qiuyu Chen et al depict (Qiuyu Chen, 2012). 
 
 
Picture 5.7: The heat exchange conditions and the net energy flow directions within the microclimate (Qiuyu Chen, 2012) 
 
These two heat fluxes are independent one another and can be calculated separately. The net heat 
loss can be found afterwards, by simple adding the above mentioned fluxes: 
 
Convective heat flux:  
The convective heat flux qc (W/m
2) is determined by the convective heat transfer coefficient h and 
the temperature difference between the air and the surface (Ta − Tw) according to Newton’s cooling 
law: 
 
 
 
 
where Ta: air temperature, ◦C and Tw: wall surface temperature, ◦C.  
 
J.P Holman (Holman, 1990) has introduced a simplified equation for the convective heat transfer 
coefficient between vertical surfaces and free flow of air at atmospheric pressure and moderate 
temperatures: 
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where ΔT = (Ta −Tw), ◦C and L = vertical dimension, m. 
 
The combination of the above equations results in a new equation for the convective heat flux:  
 
 
 
 
 
 
For instance, if the daily mean temperature of the wall surface is Tw = 33.0 ◦C and the daily mean 
temperature of the air layer is Ta = 33.2 ◦C, thus:  
 
ΔT = 33.2–33.0 = 0.2◦C 
and L = 2.5 m, therefore:  
 
qc =      
  
 
 
   = 0.13 W/m2  
 
The same analysis can be applied to the convective heat transfer from the air layer to the LWS, too.  
 
Radiative heat flux: 
The net radiative heat flux (qr) between two parallel surfaces with the same size is (Qiuyu Chen, 
2012):  
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where σ is the Stefan-Boltzmann constant (σ=5.669×10−8 W/(m2 K4)), T1 and T2 are the 
thermodynamic temperatures of the two surfaces in K, ε1 and ε2 are the emittance values of the two 
surfaces and F1,2 is the radiation shape factor between the two surfaces.  
 
As we can observe, the exterior wall surface gains heat from the air layer and losses heat to the LWS. 
Reducing qc and/or increasing qr can remove more heat off the exterior wall surface, hence to 
enhance the cooling effect of the LWS. 
 
So, one way to enhance the cooling effect is to increase the radiant heat exchange between the wall 
and the LWS (e.g. by keeping the substrate wet, by choosing surface and back face materials that 
have a high emissivity) and/or reducing the convective heat exchange between the wall and the air 
layer (e.g. by preventing high air velocity inside the air layer) can enhance the cooling effects of the 
LWS. 
 
Finally, E.A. Eumorfopoulou et.al (E.A. Eumorfopoulou, 2008) claim that the influence of climbing 
plants on wall surfaces is more critical on very warm days. Moreover, plant-covered wall sections of 
the building façade have been shown to reduce heat flow losses (energy saving) reducing thus the 
need for artificial cooling and contributing effectively to the sustainability of the building design 
(energy consumption reduction). 
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6. Quantification and Sensitivity Analysis-
Examining the effect of a green wall on a typical 
residential building in Cyprus 
 
 
6.1 Methodology 
 
In order to evaluate the contribution of an attached to a building façade green wall, a typical 
residential multifamily building (MF) in Cyprus is examined. The selection of this certain building type 
as well as the location of the building is not random: MF buildings compose a single category that 
constitutes the majority of building stock in Greece and Cyprus (See Appendix 1). Moreover, Cyprus is 
a country characterized by the Mediterranean climate, like Greece (See Appendix 2).  
For the extraction of results, the dynamic simulation tool EnergyPlus was used. EnergyPlus provided 
measurements of a) indoor and outdoor surface temperature and b) energy consumption for heating 
and cooling, one for each hour of day, on daily basis. The cases of three walls of different 
construction and characteristics were compared and contrasted in order to show how green walls 
contribute to the microclimate. Both the scenarios and results are presented and analyzed in 
following subchapters.        
   
6.1.1 The Typical Building 
 
The building being examined is a typical residential 3-storey MF Building, located in Nicosia, Cyprus. 
It consists of 2 floors, the ground floor and a basement and features also openings (i.e. windows, 
door-windows) on the north, south and east façade. The height of a typical floor is 3.2m while the 
total area of each floor is 400m2. For heating purposes, an oil boiler and heat radiators are employed 
while space cooling is carried out by heat pumps in each of the rooms.  
 
6.1.2 Building Simulation  
 
The simulation of the building is carried out using EnergyPlus, an energy analysis and thermal load 
simulation program. It is an evolution of its predecessors BLAST and DOE-2 with which it shares the 
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same features and capabilities being, nevertheless, an entirely new software tool that combines the 
heat balance of BLAST with a generic HVAC system (Sousa, 2012).  
 
 
 
Picture 6.1: EnergyPlus screen capture 
EnergyPlus calculates heating and cooling loads necessary to maintain thermal control set points, 
conditions throughout a secondary HVAC system and coil loads, and the energy consumption of 
primary plant equipment28. Picture 5.7 shows the program structure. 
 
 
 
Picture 6.2: EnergyPlus structure (Drury B. Crawley, 2001) 
It consists of three basic components: a simulation manager, a heat and mass balance simulation 
module, and a building systems simulation module. The simulation manager controls the entire 
                                                             
28 apps1.eere.energy.gov 
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simulation process. The heat balance calculations are based on IBLAST - a research version of BLAST 
with integrated HVAC systems and building loads simulation. (Drury B. Crawley, 2001) 
Important key capabilities of EnergyPlus are: Integrated, simultaneous solution, Sub-hourly user-
definable time steps, ASCII text based weather, input, and output files, Heat balance based solution, 
Transient heat conduction, Improved ground heat transfer modeling, Combined heat and mass 
transfer, Thermal comfort models, Anisotropic sky model, Advanced fenestration calculations, 
Daylighting controls, Atmospheric pollution calculations29 . 
 
EnergyPlus is a dynamic energy simulation tool. A dynamic tool is preferable than a static one. To 
understand the difference, proper definitions of both models are introduced: a static simulation 
model is a representation of a system of discrete variables at a particular time, while a dynamic 
simulation model represents a system as it evolves over time. In our case we need to take account of 
all variables (dynamic input variables) that influence the energy balance of a building.  
 
6.1.3 Climatic Data 
 
Cyprus can be divided into four climatic zones with different characteristics concerning the mean 
temperature, mean relative humidity as well as mean total solar radiation. The categorization is: 
1. Shore (παραλία) 
2. Lowlands (πεδινά) 
3. Hill (ημιορεινά) 
4. Highlands (ορεινά) 
The characteristics of each climatic zone are presented in graphs (See Appendix 3) as provided by 
Ministry of Energy, Commerce, Industry and Tourism of the Republic of Cyprus30:  
 
For the initial estimation of the energy efficiency of the building, climatic data sourced by Nicosia’s 
airport station were used. These data are entirely realistic in terms of direct solar radiation and 
sunshine levels and acceptable in terms of temperature levels. Any variations concerning wind 
velocities and orientation detected do not influence the evaluation significantly.   
 
                                                             
29
 apps1.eere.energy.gov 
30 www.mcit.gov.cy 
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6.1.4 Building Usage Data 
 
In order to control building’s intersections, usage data provided by the data base of iSBEM 31 (Cypriot 
simulation interface) are utilized. Table 6.1 presents the characteristics of usage provided by iSBEM 
data base.  
Residential Buildings 
Building usage Residence 
OCCUPANCY_DENS 0.05 
METABOLIC_RATE 120 
COOL_SET_POINT 23 
HEAT_SET_POINT 20 
SET_BACK_TEMP 12 
OA_FLOW_PERSON 5 
LIGHTING_LUX 300 
EQUIPMENT_W_M2 5 
DHW 0.15 
DHW_HP_FACTOR 9.25 
HUM_MAX 100 
HUM_MIN 0 
OCCUP_PERC_LAT 50 
EQUIP_PERC_LAT 0 
 
Table 6.1: Building Usage Characteristics 
 
6.1.5 Construction Data 
 
Indoor thermal zones are separated from external air, ground or non-thermal zones via building 
elements. The thermo-physical properties of each building element (total or layers) should be 
determined in order to conduct the energy study.  
 
In the present study, the total thermal transmittance U [W/m2K] is calculated in accordance with the 
minimum energy requirements provided by KENAK32. The regulation determines the construction 
characteristics of each building element, so that U < 0.85 W/(m2K) in the case of vertical building 
elements and U < 0.75 W/(m2K) in the case of horizontal building elements.  
 
                                                             
31
 SBEM (Simplified Building Energy Model): software application for the calculation of the Energy Efficiency of Buildings according to the EPBD (Energy 
Performance of Buildings Directive 2002/91/EC) of the European Parliament. SBEM calculates the primary energy of the building and the CO2 emissions and 
produces the energy performance certificate.  
32
 KENAK: Greek Building Energy Performance Regulation 
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In this direction, three scenarios are being examined. Their differentiation is based on the type of 
masonry, the insulation level of concrete elements and roof, as well as the type of window (or door-
window) frame. The description of each scenario is provided below.  
 
Scenario 0 or reference scenario:  Uninsulated. This scenario corresponds to the existing situation 
and it is descriptive of the old constructions in Cyprus.  
 
Scenario 1: Insulated in accordance with the new regulation for walls. 
 
Scenario 2: Green wall integrated to the west façade of the building, which is under the existing 
uninsulated situation.  
 
The analytical characteristics of each scenario are introduced in Table 6.3, followed by the 
corresponding wall intersection. 
 
Table 6.3 contains the thermal transmittance U(W/(m2K ) of building elements for each scenario.  
 
 Scenario 0 Scenario 1 Scenario 2 
Umasonry(W/(m
2K) 1,5 0,46 
Improved by 
25% 
Ub.elements 
W/(m2K) 
2,99 0,54 
Uroof W/(m
2K) 2,98 0,46 
UframeW/(m
2K) 5,60 1,60 
 
Table 6.2: Thermal transmittance U(W/(m
2
K) for each scenario 
 
 
 
 
 
 
Scenario Brick Wall (569m2) Concrete Elements (213m2) Roof Frames (85m2) Intersection 
0 
existing situation 
Uninsulated brick wall,  
d=0,30m, λ=0,4 W/(mK), 
ρ=1200kg/m3 
Uninsulated, thickness d=0,30m 
Uninsulated, thickness 
d=0,20m 
single-glazed windows, sliding system, 
with aluminum frame 
 
1 
in accordance with 
the new regulation-
walls 
brick wall, d=0,25m, 
λ=0,46 W/(mK) 
Concrete elements thickness 
d=0,3m, Extruded polystyrene, 
d=0,05m, λ=0,033 W/(mK) 
Concrete elements 
thickness d=0,2m 
Double-glazed windows with low-e, 
aluminum frame with thermal break 
 
2 
green wall 
integration in 
existing situation 
Uninsulated brick wall,  
d=0,30m, λ=0,4 W/(mK), 
ρ=1200kg/m3 
Uninsulated, thickness d=0,30m 
Uninsulated, thickness 
d=0,20m 
single-glazed windows, sliding system, 
with aluminum frame 
 
 
Table 6.3: The Scenarios’ characteristics
6.1.6 Green Wall Description 
 
The concept that is selected in order to be integrated into the multifamily building is a green façade. 
It is a direct greening system which features a climbing plant called “Boston Ivy” (Parthenocissus 
tricupidata). This specific climbing plant grows from the ground soil bed, in parallel with the 
supporting bare wall.  
 
Picture 6.3: The examined green wall intersection 
 
“Boston Ivy” does not need any supporting system in order to grow upwards and can be observed at 
several buildings, especially detached or listed houses in Greece and Cyprus. It is a plant type that has 
aerial roots and prospers in the Mediterranean Climate, the characteristics of which are introduced 
in Appendix 2. As for the plant condition, it is well grown, providing a full coverage to the west 
oriented wall (without openings). The selection of a western orientation lies on the fact that during 
summer, it receives the greatest amount of solar radiation (751 W/m²).  
 
6.2 Examination of wall’s impact on Surface Temperature Reduction 
 
In order to evaluate the wall’s impact on surface temperature reduction, measurements concerning 
the internal and external surface temperature of both concrete elements and brick wall, as well as 
the internal air temperature for each scenario were taken. External air temperatures were also 
measured. 
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Initially, a depiction of surface temperatures (internal and external) for each of the horizontal 
building elements was introduced for the green wall Scenario. Similar graphs were made for each 
scenario and can be found in Appendix 3.  
 
 
Graph 6.1 
 
In the case of concrete elements, during the heating period, the integration of a green wall (Graph 
6.1) results to internal surface temperature that is maximized at 15:00 and stays constant afterwards, 
until the end of the day (18oC). External surface temperature varies during the day, with a maximum 
of 22oC occurring at 11:00 and internal air temperature decreases from 9:00 until 16:00, by almost 
2oC. Finally, external air temperature reaches its maximum value at 14:00. 
 
In the case of brick wall (Graph 6.2), the temperature profiles are distributed at the same way, but 
with an external surface temperature reaching higher levels. Internal surface temperature remains at 
constant levels throughout the day, similarly to internal air temperature. External surface 
temperature varies during the day, with a maximum of almost 26oC occurring at 11:00. Finally, 
external air temperature reaches its maximum value at 14:00. 
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Graph 6.2 
 
What has to be evaluated is internal surface temperature, in terms of resident’s thermal comfort. For 
this reason, an aggregated graph is introduced (during heating period, for concrete elements).   
 
 
 
Graph 6.3 
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The integration of a green façade (Graph 6.3) results to almost identical levels of temperature, with 
the uninsulated building, early in the morning and late in the afternoon. From 8:00 until 17:00, 
Scenario 2 yields higher internal surface temperature, with a maximum of almost 24oC . At the same 
time, Scenario 0 reaches its maximum value (23oC), late in the evening, while at 14:00 the same 
levels of temperature with the external air are recorded. The most effective Scenario is the insulated, 
Scenario 1, with a temperature profile similar to Scenario 2, but shifted upwards by 1-1.5oC 
throughout the day.  
 
Concerning the brick wall, the following graphs is presented (Graph 6.4).  
 
 
Graph 6.4 
0 
5 
10 
15 
20 
25 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Te
m
p
er
at
u
re
 
Time 
Internal Surface Temperature-Brick Wall (All 
Scenarios) 
Internal Themperature Internal Temperature 
Internal Temperature External Air Temperature  
86 
 
 
Temperature reaches higher levels compared to concrete elements surface. Although the integration 
of vegetation does not contribute to any great improvement if compared to the uninsulated building, 
it still achieves higher temperature levels that are almost identical to Scenario 2 during the morning 
(8:00-10:00). Also in this case, the insulated scenario is the most effective, but without great 
differences in terms of temperature, if compared to the other scenarios.  
 
 
 
Graph 6.5 
 
In terms of external surface temperature, a trend is showed in both graphs (Graphs 6.5-6.6), but with 
greater temperatures in the case of brick walls. Maximum values of all scenarios are shifted and 
occur earlier in the morning, if compared to external air temperature. Scenario 1 is the most effective 
(9:00-16:00) while Scenarios 0 and 1 have almost identical temperature distributions.  
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Graph 6.6 
 
Graph 6.7 
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During the cooling period (Graph 6.7), the integration of a green wall results to internal surface 
temperature normally distributed with a maximum value of 35oC (10:00-14:00) and minimum values 
of almost 30oC early in the morning and late in the evening. At the same time, internal air 
temperature increases at 8:00, reaches a constant value (35oC) from 10:00 to 14:00, while the 
minimum values of temperature occur until early morning hours and after 16:00 (25oC). External 
surface temperature varies during the day, with a maximum of 44oC occurring at 9:00-10:00. 
Afterwards, a gradual temperature decrease is recorded, until the end of day. Finally, external air 
temperature reaches its maximum value at 14:00. 
 
 
Graph 6.8 
 
Concerning the brick wall (Graph 6.8), internal surface temperature is normally distributed with a 
maximum value of 37.5oC (10:00-14:00) and minimum values of almost 30oC early in the morning 
and late in the evening (as in concrete elements profile). At the same time, internal air temperature 
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increases at 8:00, reaches a constant value (37.5oC) from 10:00 to 14:00, while the minimum values 
of temperature occur until early morning hours and after 16:00 (26oC). External surface temperature 
varies during the day, with a maximum of 50oC occurring at 10:00. Afterwards, a gradual temperature 
decrease is recorded, until the end of day. Finally, external air temperature reaches its maximum 
value at 14:00. 
 
 
Graph 6.9 
 
The integration of a green wall (Scenario 2) results to a normal distribution of internal surface 
temperatures of concrete elements (Graph 6.9). Scenarios 0 and 1 present almost identical levels of 
temperature, showing that the insulation provided in Scenario 1 does not contribute positively to 
internal temperature reduction. The most remarkable point of the graph is that green wall 
integration results to higher temperature levels from 10:00 to 14:00, if compared to the other 
profiles, while it achieves slightly lower temperature levels early in the morning and late in the 
afternoon, compared to the other scenarios.  
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Graph 6.10 
 
In the case of a brick wall (Graph 6.10), internal surface temperature profiles of Scenarios 0 and 1 are 
completely identical, while the corresponding profile of Scenario 2 yields slightly higher 
temperatures at 10:00-12:00, if compared to the other scenarios. But afterwards, a temperature 
decrease occurs, that reaches lower by 0.5oC levels (16:00-20:00), compared to the other scenarios.   
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Graph 6.11 
 
Concerning the external surface temperatures (Graph 6.11), Scenarios 0 and 2 present an identical 
profile with a maximum value occurring at 9:00 (43oC). The insulated scenario results much greater 
temperature profile that is maximized at 9:00, becoming equal to 53oC.  
 
A similar situation exists in the case of a brick wall (Graph 6.12), but shifted to greater temperatures 
for all the profiles.  
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Graph 6.12 
 
All in all, the impact of a green façade is summarized by the following outcomes:  
 During Heating Period 
1. Green façade integration appears to yield higher (concrete elements) internal 
surface temperature levels from 8:00 until 17:00 or the same (brick wall) internal 
surface temperature levels, compared to the reference uninsulated scenario.  
2. The Insulated Scenario appears to be the most effective, resulted in temperature 
increase by 1-1.5oC throughout the day.  
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 During Cooling Period 
1. The green façade integration contributes negatively (both concrete elements and 
brick wall) between 10:00-14:00, yielding slightly higher internal surface 
temperatures, compared to the other scenarios. The maximum temperature is found 
to be shifted in earlier hours (left side in the graph), if compared to the others. 
However, Scenario 2 provides slightly lower internal surface temperatures early in 
the morning and late in evening, compared to the other scenarios.   
2. In terms of external surface temperature, Scenario 2 (both concrete elements and 
brick wall) yields the exact same temperature profile with the uninsulated scenario. 
3. Scenario 1 (insulated) provides an identical the uninsulated scenario profile of 
internal surface temperatures. Much greater external surface temperatures are 
recorded, if compared to the other 2 scenarios.   
 
6.3 Examination of wall’s impact on Energy Reduction 
 
In order to evaluate the impact of green wall integration to energy levels reduction, measurements 
of primary energy consumption for heating and cooling were taken.  
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In terms of total primary energy (Graph 6.13), Scenario 0 and Scenario 2 (green wall) harness same 
levels of energy, while the insulated scenario appears to be the most effective, achieving a reduction 
of 35.6%.  
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Primary Energy Consumption for Heating (Graph 6.13) appears to be increased by 4.63% in Scenario 
2, if compared to Scenario 0, while the effectiveness of Scenario 1 is obvious, as a reduction of 
almost 67% is recorded.  
 
Primary Energy Consumption for Cooling (Graph 6.14) appears to be the same in Scenarios 0 and 2, 
while in Scenario 1, a reduction of almost 26.21% is recorded.  
 
In terms of final energy consumption (i.e. primary energy consumption - losses), the following graphs 
are presented:  
 
 
Graph 6.15 
Final Energy Consumption for Heating (Graph 6.15) appears to be consequently increased by in 
Scenario 2, if compared to Scenario 0, while Scenario 1 is the most effective.   
Final Energy Consumption for Cooling (Graph 6.16) appears to be the same in Scenarios 0 and 2, 
while in Scenario 1, the effectiveness is obvious. 
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Graph 6.16 
All in all, the impact of a green façade in building’s consumption is summarized by the following 
outcomes:  
 The green façade contributes negatively to primary energy consumption for heating (+4.63% 
compared to the uninsulated Scenario 0), while it results to no contribution in primary 
energy consumption for cooling. Their contribution in final energy consumption levels (both 
heating and cooling) is equivalent to the above mentioned. 
 As a result, total primary energy is negatively affected by the green façade integration 
(+1.17% compared to the uninsulated Scenario 0), proving thus the ineffectiveness of such a 
concept.  
 The most effective Scenario is the insulated (Scenario 1), as it achieves total primary energy 
consumption reduction of 35.6% 
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7. Green Wall Projects  
 
A great amount of projects have been designed until now, but only a few have been constructed. All 
of them consist of integrated parts of greenery, either extensive or limited. In the present chapter, 
the already completed green wall projects, the designed and –most of them- awarded projects that 
will be constructed in the next years as well as improved ideas for future constructions are 
presented, together with some additional information and description of their beneficial nature. 
More existing and future innovative projects can be found in Appendix 4 and Appendix 5. 
 
7.1 Existing Projects 
 
7.1.1 Rubens Hotel in Victoria, London 
 
A huge green wall designed by Gary Grant covers from 
August, 2013 a 350m2 façade of Rubens Hotel in 
Victoria, London. Containing 10,000 plants (all 
characterized as attractors of wildlife) and 16 tons of 
soil, it is more than sure that this 21-meter-high living 
wall will help to reduce flooding in London, caused by 
the predominance of sealed surfaces (e,g roads, roofs).  
 
Except its contribution in floods, this wall will also 
assist as an air pollution reduction factor. The 
irrigation of those 10,000 plants is performed by -
collected in roof- rainwater, which is stored in special 
tanks. The designer claims that the project can be 
characterized as a “sustainable drainage system”. 33  
      Picture 7.1: Victoria’s Green Wall in London 
 
                                                             
33
 www.dezeen.com 
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7.1.2 L’Oasis D’Aboukir, Paris  
 
The Oasis of Aboukir is a green wall of 25m height, designed by the botanist Patrick Blanc. It covers a 
former concrete building façade in the City of Paris until spring 2013.  
 
 
 
Picture 7.7: The Oasis of Aboukir, Paris Green Wall 
 
The wall accommodates 7600 plants that originate from 240 different species and, which grow 
forming diagonal waves.34  
 
 
Picture 7.8: Diagonal waves  
 
Because of the fact that is located in a triangle, where motorists have the monopoly, it helps in 
mitigating noise and environmental pollution and at the same time, it provides a refuge for 
biodiversity.  
 
                                                             
34 www.dezeen.com 
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7.1.3 Citi Data Centre, Frankfurt 
 
Citi's new Data Centre in Frankfurt has set new standards in sustainable design and showed a new 
design path to the energy-consuming Data for the future. It has been awarded LEED Platinum and it 
is the first time worldwide that such a center achieves a platinum rating.  
 
 
 
 
The construction has been made using recycled and locally sourced materials and also, features a 
stunning green wall on the one side and a fenestrated window panel on the other. Both the above 
sustainable solutions serve the environment and building: the green wall insulates the interiors, 
while the window provides natural ventilation and day light. On the top of the facility, a vegetated 
green roof absorbs rainwater and keeps the building cool during summer and warm during winter. 
Plant species were carefully selected in order to increase the building’s operational energy 
efficiency.35  
 
 
Picture 7.10: Green Wall and Fenestrated Window Panels in Frankfurt 
                                                             
35 www.inhabitat.com 
Picture 7.9: Citi Data Centre in Frankfurt 
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While its envelope prolongs sustainable design actions, green innovations take place on the inside: it 
utilized 70% less power for services and 60% less heating energy, compared to a conventional data 
centre. As a result, the annual CO2 emission are reduced by 11,750 t/a. Also, through osmosis 
treatment, it manages to save 35,950,000 liters of water per year, Finally, this Data Centre employs 
mechanisms that result in reduction of waste and savings of time/costs. 36 
 
7.1.4 Green Side-Wall, Barcelona 
 
In 2009, the demolition of an old building in the city centre of Barcelona resulted in an ugly bare wall 
that could be seen from the street. This picture gave the idea to Spanish architects Capella and 
Garcia to create in 2011 a novel green façade, promoted by the Barcelona City Council.  
The project consists of a free-standing metal structure (prefabricated galvanized steel) on an 
independent foundation, parallel to the façade of the existing building. Looking from the street, 
someone can observe that the structure becomes gradually narrower, until the height of 21m. The 
drip irrigation system controls drainages and provides a continuous flow or fertilizer. Thus, the 
consumption of water is minimized. Nesting boxes on the façade are also integrated. 
 
  
 
Picture 7.11: Green Wall in Barcelona 
 
The green façade that changes seasonally protects the envelope and provides insulation during 
winter as well as cooling during summer. Additionally, the plantation absorbs CO2 while producing 
O2 and thus, contributes in pollution mitigation, air cleansing through filter processes and finally, 
achieves quietness.37 
 
                                                             
36
 www.e-architect.co.uk 
37 www.domusweb.it 
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7.1.5 One Central Park, Sydney 
 
Two residential towers in One Central Park, Sydney, become the home of the world's tallest vertical 
garden. Design by architect Jean Nouvel and botanist Patrick Blanc, the towers of 166m and 64.5m 
height accommodate several plants, vines and flowers.  
 
 
 
Picture 7.12: One Central Park towers in Sydney 
 
The tallest vertical garden, which will be completed in January 2014, consists of 190 native Australian 
and 160 exotic plant species, which are maintained by a hydroponic system that acts as an irrigation 
system, too.38 
 
 
 
Picture 7.13: The towers today 
                                                             
38 www.dailymail.co.uk 
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The tallest tower features a large cantilever, which provides 38 luxury penthouse apartments. At a 
certain height, a heliostat with motorized mirrors is located, in order to guide direct sunlight to the 
surrounding gardens. The cantilever also serves as a canvas for a LED light installation designed by 
artist Yann Kersalé.39  
 
 
 
Picture 7.14: One Central Park towers in Sydney (the future). 
 
7.2 Innovative Future Projects  
 
7.2.1 Living Exoskeleton, Parma-Italy 
 
A group of young talented Italian architects and engineers designed a double-skinned, vegetated 
building for the Province of Parma in Italy, under its funding. The building is made up of a double 
glazed inner skin and a vegetated outer skin that is irregularly shaped. Between the two skins, the 
existence of an air cavity encourages natural ventilation, while allowing but natural light to break 
through the windows.  
                                                             
39 www.dezeen.com 
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Picture 7.15: Living Exoskeleton in Italy 
 
Natural ventilation is also encouraged by the use of “wind towers”, which let more sunlight to get in 
through three groups of skylights and atria in the center of the building. A waste water collecting 
systems is integrated as well and the utilization of solar thermal and geothermal energy is planned. 
Thus, the building, which will cost less than 10.000.000 EUR, will be characterized as a zero-carbon 
structure.40 
 
 
 
Picture: 7.16: Living Exoskeleton in Italy 
 
                                                             
40 www.inhabitat.com 
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7.2.2 Anti-Smog Tower, Paris 
 
 
 
Picture 7.17: Anti-smog tower 
 
The Anti-Smog Tower is an innovative project envisioned for a former-industrial neighborhood of the 
French capital city that is extremely polluted. This sustainable tower further consists of the “Wind 
Tower” and the “Solar Drop” that harvest the corresponding forms of renewable energy. The Solar 
Drop (Picture 7.18) transforms polluted air into clean, using a filtration system covered by titanium 
dioxide. Also, the green roof located on the top of the ellipsis serves as a rainwater collector that 
harvests water in order to use it in the building.   
 
 
 
Picture 7.18: The Solar Drop 
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Green walls can be observed at the “Wind Tower” façade too (Picture 7.19), in form of panels. The 
same tower features Darrieus machines (wind turbines) that exploit the local prevailing winds to 
generate renewable energy in order to cover the energy demand of the whole neighborhood.  
 
 
 
Picture 7.19: The Wind Tower 
 
Anti Smog Tower is definitely a sustainable project that if materialized, it will definitely impact 
positively on the surrounding urban environment.41 
 
 
 
Picture 7.20: Night view of Anti Smog Tower 
                                                             
41 www.jetsongreen.com 
106 
 
7.2.3 Ski Slope Waste Incinerator, Copenhagen 
 
Designed by Bjarke Ingels Group (BIG), the Ski Slope Waste Incinerator is a waste-to-energy plant 
that will also serve as a ski slope made of a recycled synthetic granular material, for residents of 
Copenhagen. This new recreational facility is planned to replace a 40-years-old existing industrial 
plant of the city.  
 
 
 
Picture 7.21: The Ski Slope Waste Incinerator  
 
The construction also aims to raise public awareness and consciousness concerning the over-
consumption. For this reason, a 30m ring of smoke –observed during nighttime- will be released into 
the atmosphere for every ton of fossil CO2 that the smokestack “exhales” (Picture 7.22). Yet another 
function of the design is to remind the public of the effects of over-consumption.  
 
 
 
Picture 7.22: The smoke ring 
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The mountain will be surrounded a rock climbing park, sailing and kart racing. In order to resemble a 
mountain, the exterior surface (95.000 m2) will be covered by a green wall made of planter modules, 
mixed with windows (Picture 7.23). It is estimated that the project will be completed in 2016.42  
 
 
 
Picture 7.23: The featured green wall, in combination with windows 
 
7.2.4 The Ecological Wall by Stanislaw Mlynski 
 
 
Picture 7.24: The Ecological Wall 
                                                             
42 www.metaefficient.com 
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Polish architecture student Stanislaw Mlynski envisioned the creation of structural walls with our 
daily used organic waste containers being utilized as building blocks. 
 
 
 
Organic waste is nearly 40% of our dust bins and composting is one of the easiest and cheapest ways 
of recycling. Keeping those in mind, Mlynski proposed a system where organic waste such as grass 
cuttings, tea bags, ripped cardboards, paper, and fruit cuttings could be gathered initially, then 
composted in a significant number of organic waste container (or “green bin”), which could finally be 
used as building blocks for structures. In other words, these organic waste containers could serve 
two purposes: to collect and compost wastes and, secondly, to act as integral building materials for 
such walls.43 
 
 
 
Picture 7.26: The green bin 
 
                                                             
43 www.evolo.us 
Picture 7.25: Bins of gathering organic material become structure elements afterwards. 
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This wall, which is an alternation of a green wall, can also provide significant benefits for residents, 
environment and biodiversity: 
 
CO2 direct and indirect reduction 
Direct: plants growing in the container absorb CO2 amounts. Indirect: Extension of the building 
results in vertical growth of the city. Distances, cost of fuel, pollution and crowd are shortened.  
 
 
 
Picture 7.27: Indirect reduction of CO2  
 
Collection of Rainwater Runoff 
The building’s shape is a leaf of fig tree, a great example of leading away water.   
 
 
 
Picture 7.28: Collection of rainwater runoff 
 
Increased Biodiversity 
Birds and insects can find their shelter in the ecological wall.  
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Picture 7.29: Increase of biodiversity 
 
Air Quality 
Plants growing on the building’s exterior, filter the air, removing harmful air particles, improving thus 
the air quality (indoor/outdoor) 
 
 
Picture 7.30: Air quality improvements  
 
Mlynski integrated specially designed solar cells in order to harness solar energy, providing thus 
energetic independence for the building using Renewable Energy.  
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Picture 7.31: Solar cell - Design process 
 
For the innovative idea of this ecological wall, Mlynski was placed third in 2010 Student Wall 
Competition hosted by the National Taipei University of Technology (NTUT)-School of Architecture.44  
 
 
 
Picture 7.32: A night view of the Ecological Wall 
 
7.2.5 The “Biological Concrete” 
 
Spanish scientists from the Technology Group of the Universitat Politècnica de Catalunya are 
developing a new type of concrete that captures rainwater to create living walls of moss and fungi. 
The cement-based material is suitable for the Mediterranean climate constructions.  
 
                                                             
44 www.archdaily.com 
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Picture 7.33: Simulation of a vegetated façade at the Aeronautical Cultural Centre in El Prat de Llobregat 
(www.dezeen.com) 
The researchers have focused on two materials: conventional carbonated concrete with a pH of 
approximately 8 and magnesium phosphate cement (MPC) that is slightly acidic. The building 
element that has a shape similar to a panel consists of three other layers: a waterproofing, a 
biological and a discontinuous coating layer. The first one protects the structure from damages, the 
second supports colonization and the third one gives rain water the permission to enter but not 
escape.  
 
Thanks to the biological concrete, the new material 
absorbs and therefore reduces atmospheric CO2. At the 
same time, it traps solar radiation, acts as insulation 
material as well as a various-colored ornament. The 
material is capable of being used also in existing buildings 
and in contrary to current vegetated walls, it supports 
biological growth on its own surface. As a result, it does 
not require any complex supporting structures and there 
is also the ability of select the space of the façade to which 
the biological growth is to be applied.45 
 
                                                             
45 www.upc.edu 
Picture 7.34: Simulation of a vegetated facade at 
the Ako-Suites Aparthotel inBarcelona 
(www.dezeen.com) 
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7.2.6 Algae-Filled Walls, Hamburg 
 
A 15-unit apartment building has been constructed in Hamburg, Germany and features 129 algae 
filled louvered tanks (“bioreactors”). The bioreactors that are hanging over the south-east and south-
west exterior sides make the building a pioneer in construction powered (heating and cooling) by 
algae exclusively. Scientists have given it the name Bio Intelligent Quotient (BIQ) House. 
 
 
 
Picture 7.35: The BIQ 
 
The tanks filled with algae, consist of water and are automatically fed with nutrients and carbon 
dioxide. There is the ability of turning towards the sun, just like solar collectors. As we know, when 
the sun shines, the algae multiplies as a result of photosynthesis.  
 
So, as algae grows, it provides shading to the 
building, helping, thus to keep temperatures 
low and also to serves as a sound buffer. The 
growth is larger during summer. Excess heat 
that builds up in the water in the tanks is stored 
for later use. When growth reaches a certain 
point, a portion of algae is harvested and the 
biomass turns into biogas, which can be burned 
in order to provide heat in the winter. Together 
with the heat recovery system and solar panels 
on the roof, the building is completely energy independent, using only renewable energy.  
 
Picture 7.36: The bioreactors 
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The design and construction processes took three years in order to be completed and cost about €5 
million, under the fund of Internationale Bauausstellung (IBA). The working team painted the 
envelope in green color and added a cartoon-shaped bubble containing the question 
"Photosynthesis?" in order to highlight the building. BIQ  is going to be tested for its design 
feasibility.46  
 
 
 
Picture 7.37: The BIQ 
7.3 Double skin façade with plants-an improvement idea 
The Double-skin façade is a building system firstly introduced by the Swiss-French architect Le 
Corbusier early in the 20th. It consists of two skins placed in such a way that air flows in the 
intermediate cavity, which is ventilated naturally, by a fan or mechanically. The glazing can be single 
or double with a distance from of 20 cm to 2m.  
For protection during the cooling period as well as for heat extraction reasons, solar shading devices 
such as blinds are placed inside the cavity. In general the temperature of the blinds is high, which is 
an advantage in the cold period but disadvantage in the hot period. So, in order to mitigate cooling 
loads of the building, new shading systems should be considered. 
The innovative idea of installing plants inside the air cavity earns day by day more supporters, fairly 
and based on justified reasons. W.J. Stec et al. (W.J. Stec, 2004) emphasizes that plants have the 
ability to dissipate absorbed solar radiation into sensible and latent heat. It is observed that about 
                                                             
46 www.phys.org 
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60% of the absorbed radiation is turned by plants into the latent heat. Other additional benefits of 
such an intervention are improvements on thermal insulation, noise reduction, reduced carbon 
footprint, air filtering as well as positive psychological effects.  
Green Walls + Double Skin Façade = Energy Savings 
The installation of plants can be either a flowerpot adjusted on rotating slats or on the fixed crate in 
the cavity of the façade. Although both ways have their disadvantages (limitation of plant type, high 
cost of construction especially for the first type, high maintenance cost and need for wider cavity), 
the advantages are plenty. Stec identified an 18% reduction in cooling system capacity requirements 
and a 19% reduction in cooling energy consumption for a double skin façade with plants in the cavity 
rather than blinds, due to a 20% reduction in temperature on the interior wall of the façade. The 
percentages are impressive.   
 
Picture 7.38: DSF with plants placed in the flowerpot on rotating slats (left) and on the fixed crate in the cavity of the 
façade. (W.J. Stec, 2004) 
 
Another consideration is the type of plants being used in such a technology. Research has shown that 
the most appropriate and beneficial are the deciduous plants. The explanation is simple: during 
autumn these plants will shed leaves and in the winter solar radiation will go through the façade 
generating thus the heat to cover the heat losses. During summer plants will stop most of the solar 
radiation allowing just for day lighting of the room. Other researchers claim that combining a double-
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skin building façade with a hydroponic greenhouse can make a step toward energy-efficient cities 
that can grow their own food.47  
Although plants may cause increased demand for heat in the building compared to the system with 
blinds, the numerous advantages overpower the drawbacks. Do not forget that for the same solar 
radiation the temperature raise of the plant is about twice lower compared to the raise for the 
blinds. What is left is a construction in practice to persuade us by its performance in reality.  
 
Picture 7.39: DSF with plants (The Buckminster Fuller Challenge) 
 
7.4 Failure: A “Dead” Living Wall in UK 
 
Paradise Park Children's Centre in Islington, North London, a former lush vertical hydroponic garden 
covering certain portions of the structure is no more alive, just 3 years after it was installed, throwing 
thus £100,000 in garbage. The wall was the first of its type installed in the UK and carried a certain 
element of risk, as a spokesperson for Islington Council said. 
 
 
Picture 7.40: Paradise Park Children's Centre: before (left) and after (right) 
                                                             
47 The Buckminster Fuller Challenge 
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The reasons claimed are various: the fancy watering system never worked, it either under watered or 
over watered the plants, lack of maintenance or too much maintenance requirements. According to 
other insiders, the water pump for the 9m-high wall broke and was never fixed. And this is the most 
possible reason of “death”.  
Scientists claim that this “death” led to doubts in people's minds about the viability and vulnerability 
of living walls but at the same time, it is a “lesson learned”. On the other hand, professionals 
characterize the incident as a 'knock-on effect' on their businesses. 
 
 
Picture 7.41: Paradise Park Children's Centre: before and after  
Islington Council declared that although they are disappointed that the wall has not thrived, they are 
looking at the best way to restore it. 
Source: Architect’s Journal 48  
 
 
 
 
 
 
 
                                                             
48 www.architectsjournal.co.uk 
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8. Discussion and Conclusions  
 
 
Vertical Gardens is an unintentionally occurred concept that dates back in ancient years. Despite 
their great time of existence, green walls have managed to long-last during ages and evolve through 
years, due to their beneficial action concerning environmental issues, thermal comfort levels as well 
as aesthetics. Nowadays, a wide range of green wall solutions are provided, a fact that emerges from 
important improvements in technology and sustainable design.  
 
Two concepts of the green wall technology together with their characteristics and functionality were 
introduced: green façades and living walls.  In terms of performance, living walls are dominant in 
absolute sunshine and shade conditions as well as in several climates – from Tropical to 
Mediterranean-. Living walls provide a greater diversity and choices in terms of technology and plant 
type and are available for indoor applications. In addition, instead of soil bed, they can alternatively 
employ a hydroponic system as a growing medium. Unfortunately, such systems result to high 
energy requirements, due to the integration of a water pump system. Moreover, living walls are 
characterized as complex system, in terms of structure and applications. On the other hand, green 
façade concepts are very simple in structure and installation, but much inferior to living walls in 
benefits provided, in diversity as well as available technology.  
According to literature, the benefits arising from the use and integration of a green wall system are 
separated into two categories: benefits in building and in city level. The categorization is based on 
the microclimatic volume they affect.  Indicatively, the reduction of heating or cooling loads, the 
melioration of building’s energy performance (compensated by additional LEED rating system 
credits) and the control of excessive indoor temperatures and building consumption are mentioned 
in building level. In city level, green walls have been found to have a positive contribution to Urban 
Heat Island effect, CO2 or pollution levels (a 20 m² wall sequesters the same amount of carbon with a 
medium sized tree ) as well as noise pollution.  
Apart from their beneficial nature, vertical gardens’ installation decision and use rises problems and 
consequently concerns. Except the naturally induced -attract of unwanted insects, excessive pollen, 
mould or moisture creation, salt accumulation, wall deterioration- there are serious technical 
problems and most importantly, economic concerns. The fact that living wall systems are very 
expensive in combination with the “investor’s” unwillingness to pay, sets an obstacle, difficult to 
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overcome. Moreover, the lack of expertise and professionals’ knowledge on the technology 
aggravates the situation, leading to a deceleration of evolution. Incentives deficiencies such as 
motivation through tax relief as well as absence of proper regulation result to nothing more than not 
promoting such concept retrofits, while at the same time the maximization of buildings’ energy 
performance is urgently required.  
Most of benefits provided by green walls are closely related, by means of consequent actions. 
Everything starts from the natural process of evapotranspiration, which occurs through plants. For 
instance, the Urban Heat Island effect is mitigated decisively by evapotranspiration process, as it 
results to lower temperatures (evaporative cooling effect), thus to decrease of loads demanded, 
translated into energy savings. Energy savings are also achieved through water management 
systems, which in turn improve building performance.  
As it was referred, important stages in green wall projects completion are the consulting and design 
process, the plant growth process, the installation and finally the maintenance process. Each of them 
requires a different timetable, depending on the type of technology selected. The technology in case 
of green façades is on a good level. People who want to invest on such concepts do not have to 
spend a small fortune on installation as well as on maintenance. Of course, levels of maintenance 
and cost may vary, depending on the integration technology selected. What they have to do is to be 
patient. Benefits will not be realized from the beginning, but will be gradually improved, as it takes 5-
10 yrs in order to achieve full coverage. Nevertheless, the problem concerning the delay of growing 
can be solved by several improved techniques such as the combined technique: the number of plants 
is multiplied and together with added earth or substrate, they are placed into several heights of a 
building. Such a concept achieves full coverage almost in 2 years. 
The technology in case of LW is adequately developed, but its complexity in terms of construction 
and functionality has created obstacles that have to be surpassed immediately. On the top of the list 
the cost of both the installation and maintenance stands. Maintenance consists of moisture, 
condensation fertilizing system and irrigation system control, pruning, replanting or replacing 
modules if needed, and cleansing, depending on the season.  
It is easily understood that living wall concepts have a certain life span as they employ complex 
structures and technology systems, in contrast with green façade projects that can last for centuries, 
depending on the life longevity of the plant.   
In terms of cost, the information available is very restricted –in contrast to vegetated roof concepts- 
due to the fact that very few projects have already been integrated, mainly in commercial buildings, 
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not in residential. As a result, the only sources capable to elicit data are theoretical estimations 
(provided by paper reviews) or suppliers willing to assist. But the prices vary depending on the kind 
of market, the location of the project, the type of the project as well as the level of subsidizing, if any. 
After thorough research conducted during the writing of the present thesis, followed by a 
comparison of data available, some basic economic outcomes were elicit. According to these 
outcomes, green façades appear to be less costly in comparison with living walls, with an installation 
cost varying from 40-70€/m2, a very low maintenance cost and no irrigation cost. On the other hand, 
living wall concepts have an installation cost of approximately 500€/m2, while the total cost reaches 
levels of 1200€/m2, including total installation, irrigation and maintenance expenses.  
Concerning green walls negative environmental effects, what has to be examined is the impact of the 
production, transportation, use, maintenance and waste in order to compare environmental burden 
or benefits (energy savings from heating and cooling) to a bare brick wall. Keep in mind that a system 
is considered to be sustainable when its environmental burden is lower than its environmental 
benefit profile. According to literature, a significant difference in environmental burdening is 
recorded between the majority of the greening systems and a bare wall, mainly because of the 
choice of materials and their life span. This justifies the fact that direct greening systems (i.e. the 
simple green façade) are considered more sustainable and less harmful for the environment, as the 
employ no additional structural material, except plants. Indirect greening systems, on the other 
hand, constitute environmental burden because of the materials used for the supporting system, as 
well as their transportation process. If different materials were to be used, sustainability would 
definitely increase. Finally, living wall systems constitute the least sustainable choice, due to the 
materials used/transported as well as their disability in being recycled.  
 
 After comparing burdening and savings, researchers conclude that burden of living walls is greater 
than the benefits gained from heating and cooling savings, while direct systems remain a sustainable 
choice in that case, too.  
 
An important issue contributing to the energy performance of a building is its thermal balance. The 
balance is achieved when gains and losses are in equilibrium. The more the gains and the less the 
losses, the better the performance of a building and the most sustainable its functionality is. In case 
the balance is not realized, either an addition heating or cooling system should be employed or the 
factors affecting the balance should be reconsidered and affected in several ways.  
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A way to alter the unwanted situation and achieve better performance is the integration of a vertical 
garden. Researchers quantified the thermal impact of such walls, which leads to energy savings 
through the minimization of seasonal loads. In a summary, they can achieve peak summer 
temperatures mitigated by 1–5°C, (the maximum corresponds to living walls, as materials involved 
achieve a total reduction of solar radiation). Certainly, the reduction can be greater or lower, 
depending on the climatic conditions. Surface temperature of a green wall can be found 1.2°C (direct 
systems) to 5°C (living walls) less warm, if compared to a bare wall. In Greece, which is characterized 
by a Mediterranean climate, this reduction can vary from 1.9-8.3°C, according to published data.   
 
Concerning energy savings in Mediterranean climate, researches claim that direct and indirect 
systems yield 1.2% savings for heating while living walls result to the corresponding 4-6.3%, thank to 
the air layer acting as an extra insulation. In terms of energy for cooling, all systems yield 
approximately 40% savings. Other effects of green walls that contribute to thermal reduction are: 
shading effect (30% cooling energy savings on peak demand), insulation by both vegetation and 
substrate (mitigates losses, U-value improved by 10-30%) and wind preventing (consequently, 
controller of construction’s thermal transmittance and façade’s thermal resistance).  
 
The present thesis contributed to the evaluation of temperature and consumption reductions 
through an energy study conducted for a MF building in Nicosia, Cyprus. The building features a 
green façade (direct greening system using Boston Ivy). Measurements provided by the EnergyPlus 
simulation tool were evaluated in order to extract outcomes valuable for Mediterranean Urban 
Buildings. For this reason, three scenarios (uninsulated, insulated and uninsulated with a western 
green façade) where compared and contrasted in terms of internal and external surface 
temperatures and heating and cooling building consumption.  
 
The green façade integration yielded slightly higher internal surface temperatures during heating 
period. This fact is positive of course (given the retrofit’s cost burden for the house owner), but if 
compared to the scenario of insulation integration, then this increase is negligible. On the other 
hand, during cooling period, the green façade resulted in a shift of higher internal surface 
temperatures in earlier hours and slightly lower temperatures during the beginning and the end of a 
day. The latter constitutes a promising result, however improvements should be made. Concerning, 
finally, the primary and final energy consumption, both for heating and cooling, the contribution of 
the green façade was rather negative, resulting in an increase of total primary energy consumption 
and proving thus the ineffectiveness of such concepts in this specific area.  
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All in all, the outcomes were the expected. Direct greening systems do not contribute decisively in 
thermal and consumption reduction, if compared to an indirect system such as a free-standing green 
façade or a living wall system. According to literature, the latter yields great thermal and 
consumption benefits –as mentioned above-, provided that the climate is favorable.   
 
Several are the projects worldwide, retrofitting a vertical green area, mainly in commercial buildings. 
Their contribution to microclimate varies depending mostly on climate. Especially for the 
Mediterranean region, most of such projects are installed in Spain. But the most impressive is located 
in Frankfurt and it is the only awarded LEED Platinum, as it combines innovative design, 
environmental contribution and excellent building performance.  
 
What is next? New standards and ideas in sustainable design are set. Most of them, feature 
vegetation integration together with renewable energy solutions (wind turbines, Ground Source Heat 
Pumps, solar panels or even algae bioreactors), improved passive building design practices (e.g. 
Double-Skin Façade with plants) or building elements made of recycled materials. The goal is the 
determinant: the combination of innovative design environmental consciousness will lead faster to 
the direction of buildings new “zero” age.    
 
Why do we not see such innovative concepts in Greece? The answer is simple and has been given 
previously: the cost barrier existence. During the economic recession, people consider green walls as 
a luxury, not unreasonably. Construction and maintenance in some cases require a great budget and 
in conjunction with the fact that they are not advertised or subsidized or even regulated, few are the 
“investors” that are actually attracted by such a technology. Simple economics give food for thought: 
the more installed, the much cheaper become.  
 
The solution is plain and only a few countries adopt it: incorporation of vertical vegetation practices 
into subsidy programs, aiming to reduce air pollution and achieve energy savings just by making a 
city greener (i.e. increasing the area covered by green). This is the right time become active.   
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Appendices 
Appendix 1: Building Stock in Greece 
 
First of all, a research concerning the existing building stock should be conducted, in order to 
examine the availability, characteristics, structure principles and building typology in general.  
Although the building being examined is located in Cyprus, the whole research is considering stock in 
Greece, as in both countries the building variety is almost identical. Afterwards, the characteristics of 
the typical building are being presented, based on relevant research.  
 
Theodoridou et.al  (Ifigeneia Theodoridou, 2011) introduces the separation of the building stock in 
Greece in 6 corresponding classes. More specifically, depending on the year of construction, 
buildings can be categorized in:  
 Class A (1919–1945): The “Neoclassic” trend. Increased number of floors and height, due to 
the introduction of the elevator, after 1922. The entrances are restricted to one.   
 Class B1 (1946–1960): Multifamily (MF) Buildings are introduced, influenced by the Bauhaus 
Style. During this period, a massive use of reinforced concrete detected, resulting in a drastic 
recast of the construction policies.  
 Class B2 (1961–1980): The influence of Modernism results in bigger, with oil-fired central 
heating systems apartments, consisting of aluminum-based openings. Determinant factors of 
this period are the mass transfer of population in cities, as well as the introduction of the 
Thermal Insulation Regulation (TIR) in 1979 (implemented after 1981). 
 Class C (1981–1990): Introduction of Pilotis in 1985. Great thermal losses due to the fact that 
vertical and horizontal structural elements were mostly uninsulated. 
 Class D (1991–2010): Implementation of the TIR to new constructions. Alterations in 
buildings’ envelope, construction materials and their width, caused by the introduction of 
the New Greek Seismic Codes of 2000 and its revisions.  
 Class E (2010–today): The implementation of KENAK imposes new, tighter energy standards, 
influencing the new constructions significantly.  
Theodoridou also depicts that the majority of the building stock has an exclusive and residential use, 
has been constructed during the period 1946-1980 and is mainly uninsulated (70%). The most 
popular construction material in urban building is reinforced concrete and the walls are double 
128 
 
bricked, by rule. The heat storage capacity is characterized as large, a fact of great importance when 
planning an integration of passive cooling and heating systems (as green walls). It also has to be 
mentioned that the common number of floors are usually 3-5.  
Concerning the average annual specific heating consumption, Papadopoulos et al. (Agis M. 
Papadopoulos, 2001) mention that it ranges 130-180 kWh/m2. These values result from the fact that 
the majority of buildings are partially or not at all insulated. At the same time, in properly insulated 
buildings this amount counts for 80-110 kWh/m2, values that are suggested from the valid legislation.  
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Appendix 2: The Mediterranean Climate 
 
Concerning the climatic conditions, it is well known that both Greece and Cyprus belong to the 
Mediterranean region that is characterized by the so-called Mediterranean Climate. Regions like 
Spain, Southern France, Italy, Croatia, Serbia, Western Turkey, Malta, Lebanon, Palestine, Israel, 
Tunisia, Northern coast of Algeria, and Morocco also have a Mediterranean climate. The same 
climatic conditions apply in the case of southern and southwestern Australia, central Chile, coastal 
California and the Western Cape of South Africa.  
 
 
 
Picture A1.1: Regions with Mediterranean Climate 
In all cases, Mediterranean climate is observed in the west of the continents, in latitude 30-400, in 
both hemispheres and near large amounts of water. The largest area with a Mediterranean climate is 
the Mediterranean Basin. This type of climate is a variety of subtropical climate which is called “dry-
summer subtropical”. The average monthly temperatures during its warmest month is more than 
22.0 °C and during the coldest month, between 18 to −3 °C or 18 to 0 °C. Also, four out the twelve 
months should present a temperature average above 10 °C.  Sub-freezing temperatures do not occur 
more than 3% of the total time. Concerning the seasons, summers are hot –sometimes very hot- and 
dry and winters can be either mild and wet or chilly with snowfalls. As for the precipitation, it is 
greater during cold months (almost 65% of the total), but clear and sunny days can also occur.  
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Vegetation consists of arboreal and shrubby evergreen sclerophyllous plants resistant to the stresses 
of heat and aridity as well as annual and herbaceous (often bulbous) flora. A plants’ dormancy 
phenomenon could occur especially during summer on account of heat and lack of soil moisture. The 
cool, foggy coastal zones are an exception. Concerning the soil, it is neutral to alkaline in terms of pH, 
low in biological activity, nitrogen and phosphorous and slow in terms of organic matter 
decomposition. 
 
10.3 Appendix 3: Characteristic Graphs of Cyprus climate zones 
The characteristics of each climatic zone are presented in graphs 5.1, 5.2 and 5.3, as provided by 
Ministry of Energy, Commerce, Industry and Tourism of the Republic of Cyprus49:  
 
 
 
 
Graph 5.1: Mean Temperature Chart (www.mcit.gov.cy) 
 
                                                             
49 www.mcit.gov.cy 
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Graph 5.2: Mean Relative Humidity Chart (www.mcit.gov.cy) 
 
 
 
Graph 5.3: Mean Total Solar Radiation Chart (www.mcit.gov.cy) 
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Appendix 3: Thermal Reduction Graphs 
Heating Period Graphs (Graph A3.1-A3.4) 
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Cooling Period Graphs (Graph A3.5-A3.8) 
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Appendix 4: Existing Projects (ADDITIONAL PART) 
 
Quai Branly Museum, Paris 
 
Designed by the architect Jean Nouvel, the Quai Branly Museum features a marvelous living wall of 
200m length and 12m height. Inspired and planted by Patrick Blanc, the vertical garden covers the 
whole northwest façade of the building. The museum also hosts native and foreign art exhibitions 
from Asia, Africa, America and Oceania.  
 
 
Picture A4.1: Quai Branly Museum Living Wall in Paris 
 
The micro-climate comprises 15,000 plants from 150 different species, which are placed in groups of 
10-20 per square meter. The wall protects the building from sunlight and acts as an insulation 
material as well. Two polyamide felt layers are stapled to 10mm-thick plates of expanded PVC in 
order to compose the substrate. A metal mounting system ensures that an air cavity between the 
wall and the planting exists. A drip irrigation system located in the top of the wall delivers 
continuously a dilute fertilizer that contains vital macronutrients to the plants.50  
Caixa Forum, Madrid 
Madrid’s green wall in Caixa Forum, is a place open to contemporary as well as diachronic art, to 
poetry or music happenings, to multimedia art, to current affairs’ debates and all kinds of workshops. 
This green wall decorates the old and renowned building of Mediodía Electric Power Station, located 
in Paseo del Prado. 51.  
                                                             
50
 www.frenchgardening.com 
51 www.esmadrid.com 
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Picture A4.2: Caixa Forum Green Wall in Madrid 
It was the French botanist Patrick Blanc52  who designed it in 2008 and then installed on an exterior 
wall of the former power station which was renovated by the architects Herzog and de Meuron. The 
wall is 4-storey high and consists of 15,000 flourishing plants from more than 250 different species. 
Benefits provided by the wall are pollution mitigation, thermal reduction, health and well-being 
contribution as well as aesthetics. A proper irrigation system is also included.  
 
ACROS Building (International Hall), Fukuoka-Japan 
In 1995, the American architect Emilio Ambasz converted a city-centered park of almost 100.000m2 
into 15 stepped terraces in Fukuoka, Japan. The design for ACROS (Asian Crossroads Over the Sea) 
Fukuoka Prefectural International Hall constitutes a sustainable solution to urban problems, such as 
public demand for open green areas in combination with developer's need for profitable use of a 
site. ACROS is 60 meters high with 14 floors above ground and four below – and one of the largest 
buildings (mountain-shaped) in the world whose surfaces are covered in greenery. It combines green 
façades and green roofs design. Due to its shape on the park-facing southern side, it’s not 
surprisingly also called “step garden.” It consists of 13 levels with widths between 120 to 98 meters 
(depending on the level), a depth of six meters, and with 76 varieties of 37,000 short trees planted 
ranging in height from 1.7 to 1.9 meters.  
                                                             
52 www.verticalgardenpatrickblanc.com 
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Plenty of benefits were recorded and quantified in September 2000 by the Takenaka Corporation, 
Kyushu University, and Nippon Institute of Technology who jointly carried out a thermal environment 
measurement survey. The results (Graph 9.1) proved that the gardens are effective in alleviating the 
urban heat island phenomenon and at the same time, a difference of 15oC between the surface 
temperatures of the concrete was measured, concluding that the greenery suppresses a rise in the 
surrounding air temperature.53  
 
                                                             
53 www.greenroofs.com 
Picture A4.3: ACROS stepped terrace in Japan 
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Graph A4.1: Benefits resulted from ACROS construction 
Edificio Consorcio, Santiago, Chile 
Architects Enrique Browne and Borja Huidobro are the creators of The Consorcio in Santiago, Chile, 
one of the most environmental friendly office building worldwide. The façade consists of an inner 
curtain wall and an outer wall with vegetation, which assist in reducing solar absorption. Also, the 
vertical plantation of approximately 2,700 m2 yields a decrease of 48% in energy used.  
 
 
Picture A4.4: Color variations of Edificio Consorcio in Chile 
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This vegetation of the building can change colors, depending on the season (Picture 9.18). A large 
metal visor on the top of the building is placed in order to protect the higher levels.54 
 
 
Picture A4.5: Edificio Consorcio at night 
Vertical Living Gallery, Bangkok 
 
The façade of the showroom was constructed in 2011 by architects “Sansiri” and landscape architects 
“Shma”. The mixed envelope consists of two sustainable concepts: trapezium glass surfaces and 
similar-shaped vegetated areas of living plantation in equal amounts, on two out of for façades of the 
building. Vertical louvers shade the windows between the green panels. 
 
 
Picture A4.6: The Vertical Living Gallery in Bangkok 
 
The green wall frame is made of stainless steel, while plant pots and a drip irrigation system are 
placed behind the felt. The plant species used are native: the Tokyo Dwarf can prosper under 
Bangkok’s extreme environmental conditions and can be easily found on the ground. This project 
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represents a beautiful and economical alternative for the future. It not only helps in reducing 
pollution and heat but through its design it also enhances the flavor of the city.55 
 
Green Cast, Odawara-Japan 
Kengo Kuma & Associates designed a unique and stunning green wall for the façade of a mixed-use 
building in Odawara, Japan. It consists of aluminum and mono-block casting panels that give an 
organic appearance to the façade.  
 
 
Picture A4.7: Green Cast in Japan 
 
The irrigation system, together with the ventilation and other piping systems compose a 
comprehensive structure that is hidden behind the aluminum panels. An important aspect of this 
system is that pipes deliver the collected rain water to the planters so as to retain the construction 
alive and organic.56 
Green Home in Ho Chi Minh City, Saigon-Vietnam 
Ho Chi Minh is most dense in terms of population city in the world. There is no space available for 
greening, only the possibility of placing flower-pots in balconies. “Stacking Green” is a typical tube 
house of 4m width and 20m depth, at which the front and back façades are entirely composed of 
concrete planters’ layers visible from both sides of the wall. There is also a roof top garden. (Picture 
9.15) 
 
                                                             
55
 www.homesthetics.net 
56 www.archdaily.com 
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Picture A4.8: Green Home in Vietnam 
 
The plant’s height (25-40cm) adjusts the distance between the levels. To water plants and for easy 
maintenance, automatic irrigation pipes are placed inside the planters.  
 
 
Picture A4.9: Green Home intersection 
 
In the morning and in the afternoon, the leaves allow sunlight to enter indoors, creating shadow 
effects on the walls made of granite. The green façade as well as the roof top garden act as a 
protection membrane against direct sunlight, pollution and street noise. Furthermore, the natural 
ventilation resulted by the façades contributes to important energy savings in the harsh climate of 
Saigon.57  
 
 
 
                                                             
57 www.archdaily.com 
143 
 
Appendix 5: Future Projects (ADDITIONAL PART) 
 
Bosco Verticale, Milan 
 
Bosco Verticale (Vertical Forest) is a reforestation project that aims to regenerate urban biodiversity 
and environment in general, given the lack of city space for expansion.  
 
 
Picture A5.1: Bosco Verticale under construction 
 
The first attempt of a Bosco Verticale will be located in the city center of Milan. The construction of 
two residential towers (110 and 76 m height) has already started and it is estimated that it will 
accommodate 900 trees of 3, 6 or 9m height. Apart from the trees, the towers will also host a wide 
variety of floral plants and shrubs. In terms of natural space and trees coverage, each Bosco Verticale 
will be equivalent to a 10.000 m2 forest, while in terms of urban dense, it will be equivalent to a block 
of dwellings of approximately 50.000m2. 
 
  
 
Picture A5.2: Bosco Verticale in Milan, Italy 
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Grey water produced by the building will be used for irrigation purposes, after being filtered and 
reused. An integration of solar and wind systems is planned in order to increase the towers’ self-
sufficiency in terms of energy.  
 
Bosco Verticale is an optimized energy producing system that aims to create a clean microclimate 
relieved from air pollution (Picture 9.22). This is going to be achieved by the plants, which produce 
humidity, absorb emissions of CO2 while producing oxygen and at the same time, provide protection 
from radiation, mitigate noise pollution and contribute to energy.58  
 
 
Picture A5.3: The function scheme of Bosco Verticale 
 
 “Shobuj Pata” (Green Leaf) Eco Community Development, Dhaka-Bangladesh 
 
“Green Leaf” is an environmental project inspired by modern technological and constructional 
innovations. In December 2011, the “Green Leaf” negotiations were completed in order to enable 
the project to move forward quickly.  
 
                                                             
58 www.stefanoboeriarchitetti.net  
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Picture A5.4: Green Leaf 
 
Bangladesh is characterized by a hot, humid climate and as a result, the UHI effect occurs easily. At 
the same time, Bangladesh is the country with the highest annual average rainfall worldwide.  
The constructions consist of green façades that use local vegetation as a design element and 
contribute decisively in the reduction of building’s energy consumption as well as in UHI effect 
radiated temperatures mitigation. Moreover, it 
acts as an air filtration system and as a shading 
device, during very warm days.  
 
In order to prevent water overflow, Bio-swales 
are integrated along the street edges throughout 
the ground plane, in order to avoid water 
overflows. These swales also functions as a 
rainwater filtration system that stores the excess 
of water for irrigation purposes. During a dry 
season, bio-swales serve as recreation spaces. In 
case of excessive storm water, green roofs are 
designed to mitigate the runoff and assist water 
and air purification. 
 
In 2015, the “Green Leaf” will be ready to 
welcome its 10,000 new inhabitants in its 2300 – 2400 dwellings. The project contains also a 
convention centre, shops, schools etc.59 
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Picture A5.5: The landscape concept plan 
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Picture A5.6: A future vision  
Symbiotic Green Wall by Kooho Jung & Hayeon Kelly Choi  
 
 
 
Picture A5.7: The Symbiotic Green Wall 
 
The Symbiotic Green Wall, which is funnel-shaped, is an urban ecosystem designed to protect, buffer 
and revitalize construction areas.  
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Picture A5.8: The funnel collects rain water and redirects it as a spray or for watering purposes 
Rain and waste water is collected, stored and delivered by the double layered wall around the site. 
The external wall features plant pods, spaces for resting under shading as well as bird nesting areas. 
This wall plays the role of a water storage tank and planter, when, at the same time, the wall of the 
interior has a spraying system that maintains the construction dust. 
 
Sensors are employed to monitor air quality, noise, dust, odors and vibrations so as to provide a 
pleasant environment. The passengers can be informed about current environmental conditions 
through visible indicators.60  
 
 
 
Picture A5.9: The wall section 
What is next 
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Several are the projects that suggest the use of algae-filled walls as building integrations.  Among 
them, the FSMA Tower in London, by the British architect Dave Edwards. The tower is a skyscraper, 
whose outer skin would serve as a green wall accommodating food plants, while at the same time it 
improves air quality by algae integration (absorb CO2 emissions). Also, and also bio-methane is used 
to provide heat and power.  Moreover, waste water would be recycled and a ground source heat 
pump (GSHP) would store summer heat or let excessive heat from the biomass waste and from 
London Underground to be circulated through the tower in the winter. 61 
 
 
 
Picture A5.10: FSMA Tower in London 
 
Finally, the “Eco-pods” in Boston, suggest the integration of modular pods on an unfinished building, 
growing algae for biofuel. Robotic arms (powered by the micro-algae produced) would continuously 
rearrange the pods to ensure the optimum growing conditions for algae in each pod. The designers 
aim to use the structure in order to inform people about micro-algae, a vertically grown bio-fuel. 62    
                                                             
61
 www.dezeen.com 
62 www.dezeen.com 
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Picture A5.11: The Eco Pods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
150 
 
 
